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CARBON 



. 1 - 

BLACK REACTED WITH 0IAZ0NIUM SALTS AND PRODUCTS 



This a ppHcation is a continuation-in-part of U.S. patent application serial no. 08/356.660. 
filed December 15. 1994. the disclosure of which is herein incorporated by reference. 

FIELD OF THE INVENTION 

This invention relates to a process for the preparation of carbon blacK products. The 
pro cess ZLs reacung a diazonium salt with a carbon black to yield a carbon black pro*. 
["U .roup attached to ,e carbon blac, The invention aiso re,ate S to new carbon 
black products and their uses. 

BACKGROUND OF THE INVENTION 
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SUMMARY OF THE INVENTION 

electric curreui » reaction medium. 
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appended claims. 

DETAILED DESCRIPTION 
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ta addition to the inorganic by-products, a process of the invention may also produce 
organic by-products. They can be removed, for example, by extraction with organic solvents. 
Other ways may be known to those of skill in the art. 

Caifoon Black Products 

The reaction between a diaronium salt and a carbon black according to a process of mis 
invention forms a carbon black product having an organic group attached to the carbon black. 
The diazonium salt may contain the organic group * be attached to the carbon black. Thus, the 
present invention relates to carbon black products having an organic group attached to the carbon 
black, particularly those prepared by a process of this invention. It may be possible to produce 
Ore carbon black products of mis invention by other means known to those skilled in the art. 

The organic group may be an aliphatic group, a cyclic organic group, or an orgamc 
compound having an aliphatic portion and a cyclic portion. As discussed above, the diazoruum 
sal, employed in the processes of the invention can be derived from a primary amine havmg one 
of these groups and being capable of forming, even transiently, a diazonium salt. The orgamc 
croup may be substituted or unsubstituted. branched or unbranched. Aliphatic groups include, for 
example, groups derived from alkanes. alkenes. a.cohob. ethers, aldehydes, ketones, carboxyhc 
acids and carbohydrates. Cyclic organic groups include, but are not limited to. alicychc 
hydrocarbon groups iforexampU, cycloalky.s. cycloalkenyls). heterocyclic hydrocarbon groups 
if or example, pyrrolidinyl. pynolmyl. piperidinyl. morpholinyl, and the like), aryl groups if or 
example, phenyl, naphthyl. anthracenyl. and the like), and heteroary. groups (imidazolyl, 
pyrazolyl, pyridinyl. thienyl. thiazolyl. fury., indolyl. and the like). As the steric hinderar^e of a 
substituted organic group increase, the number of organic groups attached to the carbon black 
from the reaction between the diazonium salt and the carbon black may be diminished. 

When the organic group is substituted, it may contain any functional group compare 
with the formation of a diazonium sal, Preferred function, groups 
R OR, COR. COOR, OCOR, carboxylate salts such as COOU COONa. COOK, COO NR 
halogen. CN. NR 2 . S0 3 H. sulfonate salts such as SO3U S0 3 Na, SO3K. SOf^ . OSO3R 
OSO3- salts. NR(COR, CONR, NO, PO3H, phosphonate salts such . jFO 3 HNa and ^Na, 
pnos hate salts such as OP0 3 HNa and OP0 3 Na, N=NR. NR^X". PR 3 + X . 
SSO,- salts, S0 2 NRR'. SO.SR, SNRR', SNQ, SO.NQ. C0 2 NQ, S-<1.4-p 1 peraz,ned,y.)-SR. 2- 
, 3^1;,) ^3-dithioLyl, SOR. and S0 2 R. R and R*. wh,ch can be the same or dtfferen, 
are independent* hydrogen, branched or unbranched Cl -C 20 substituted or 
saturatt d or unsaturated hydrocarbon, e.g.. alky,, alkenyl. alkyny.. substituted or unsubsut «ed aryl. 
sub stituted or unsubstituted heteroary, substituted or unsubstituted a,ky,aryl. or subsututed or 
unsubstituted a^lalkyl. Tne integer k ranges from 1-8 and prefer^ *» 
a halide or an anion derived from a minera, or organic acid. Q is (CH 2 ) W . (CH 2 ) x O(CH 2 ) r 
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salt thereof; or a substituted or unsubstituted (polysulfo)naphthyl group or a salt thereof. A 
preferred substituted sulfophenyl group is hydroxysulfophenyl group or a salt thereof. 

Specific organic groups having an ionizable functional group forming an anion (and their 
corresponding primary amines for use in a process according to the invention) are p-sulfophenyl 
(p-sulfanilic acid), 4-hydroxy-3-sulfophenyl (2-hydroxy-5-anuno-benzenesulfonic acid), and 2- 
sulfoethyl (2-aminoethanesulfonic acid). Other organic groups having ionizable functional groups 
forming anions are shown in the examples below. 

Amines represent examples of ionizable functional groups that form cationic groups. For 
example, amines may be protonated to form ammonium groups in acidic media. Preferably, an 
organic group having an amine substituent has a pKb of less than 5. Quaternary ammonium 
groups (-NR 3 + ) and quaternary phosphonium groups (-PR 3 +) also represent examples of cationic 
groups. Preferably, the organic group contains an aromatic group such as a phenyl or a naphthyl. 
group and a quaternary ammonium or a quaternary phosphonium group. The aromatic group is 
preferably direcdy attached to the carbon black. Quatemized cyclic amines, and even quatemized 
aromatic amines, can also be used as the organic group. Thus. N-substituted pyridinium 
compounds, such as N-methyl-pyridyl, can be used in this regard. Examples of organic groups 
include, but aro not limited to. (C^WCft* C 6 H 4 (NC 5 H 5 ) + . C 6 H 4 COCH 2 N(CH 3 ) 3 , 
C 6 H 4 COCH 2 (NC 5 H 5 ) + , (C 5 H 4 N)CH3 + , and C 6 H 4 CH 2 N(CH 3 ) 3 + . 

An advantage of the carbon black products having an attached organic group substituted 
with an ionic or an ionizable group is that the carbon black product may have increased water 
dispersibility relative to the corresponding untreated carbon black. As shown in the Examples, 
water dispersibility of a carbon black product increases with the number of organic groups 
attached to the carbon black having an ionizable group or the number of ionizable groups attached 
to a given organic group. Thus, increasing the number of ionizable groups associated with the 
carbon black product should increase its water dispersibility and permits control of the water 
dispersibility to a desired level. It can be noted that the water dispersibility of a carbon black 
product containing an amine as the organic group attached to the carbon black may be increased 

by acidifying the aqueous medium. 

Because the water dispersibility of the carbon black products depends to some extent on 
charge stabilization, it is preferab.e that the ionic suength of the aqueous medium be less than 0.1 
molar. More preferably, the ionic strength is less than 0.01 molar. 

When such a water dispersible carbon black product is prepared by a process of the 
invention, it is preferrod that the ionic or ionizable groups be ionized in the reaction medium. The 
resulting product solution or slurry may be used as is or diluted prior to use. Alternatively, the 
carbon black product may be dried by techniques used for conventional carbon blacks. These 
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techniques include, bu, an, not limited to. drying in ovens and rotary kilns. Overdrying. however, 
may cause a loss in the degree of water dispersibility. 

,„ addition to their water dispersibility. carbon black products having an organic group 
substituted with an ionic or an ionizable group may also be disperse in polar organic solvents 
such as dimethylsutfoxide (DMSO). and formamide. In alcohols such as methanol or ethanol. use 
of complexing agents such as crown ethers increases the dispersibility of carbon black products 
having an organic group containing a metal salt of an acidic group. 

Aromatic sulfides encompass another group of preferred organic groups. Carbon black 
products having aromatic sulfide groups are particularly useful in rubber compositions. These 
aromatic sulfides can be represented by the formulas MCH^CH^f or A- 
(CH,) MOW* herein Ar and Af are independently substituted or unsubstituted arylene or 
hete^aryL group, Ar" is an ary, or heteroary. group. 

Substituted aryl groups would include substituted alkylary, groups. Preferred arylene groups 
delude phenylene group, particularly p-pheny,ene groups, or benzothiazolyjene group, Pref-d 
^ ^ups include phenyl, naphthyl and benzothiazolyl. The number of sulfirrs present, defined 
by k preferably ranges from 2 to 4. Particularly preferred aromatic sulfide roups are brs-pa^ 
6 H 4 >S 2 -«C 6 H 4 ). and P ar,(C 6 H 4 >S r (C 6 H 5 , The diazonium salts of these aromauc sul^e 
groups may be conveniently prepared from their corresponding primary ammes, H 2 N-Ar-S k -Ar 

" 2OTH r::C set of organic groups which may be 

organic groups having an aminophenyl, such as (C 6 H 4 )-NH 2 , (C 6 H 4 )-CH 2 -(C 6 H 4 )-NH 2 . (C 6 H 4 >- 

S0 2 -(C 6 H 4 )-NH 2 . 

Uses of the Carbon Black Products 

T* orbo. buck P*^ — l«— -» * " Wl " 
con^ — * .p* preps -M » » «— b,.ck ^ 

z ~* u — - - — - - " w * — * t us, :r 

converted to its salt or its amide. 

C*bon blftck ***** - <- »- - * 
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Ilcav„ y . . P«, material. Tb. «— ** P^ - - -» - - 
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increased rate of dispersion or improved quality of dispersion over the corresponding untreated 
carbon blacks. These improvements offer an economic advantage in plastic manufacture and in 
value of the finished product, respectively. As shown in Examples 47-62. using carbon black 
products of the invention may improve impact strength of the plastic. Thus, the invention relates 
w a,, ^proved plastic composition comprising a plastic and a carbon black. Approvement 
comprising the use of a carbon black product according to the invention. 

As with conventional carbon blacks, the carbon black products can be used with a variety 
of plastics, including but not limited to plastics made from thermoplastic resins, thermosetting 
resins, or engineered materials, for example, composites. Typical kinds of thermoplastic resins 
include: (1) acryloniuile-butadiene-styrene (ABS) resins; (2) acetals; (3) acrylics; (4) cellulos.cs; 
(5) chlorinated polyethers; (6) fluorocarbons, such as polytetrafluoroethylene (TFE). 
polychlorotrifluoroethylene (CTFE), and fluorinated ethylene propylene (FEP); (7) nylons 
(polyamides); (8) polycarbonates; (9) polyethylenes (including copolymers); (10) polypropylenes 
(including copolymers); (11) polystyrenes; (12) vinyls (polyvinyl chloride); (13) thermoplastic 
polyesters, such as polyethylene terephthalate or polybutylene terephthalate; (14) polyphenylene 
ether alloys; and blends and alloys of the above with rubber modifiers. Typical thermosetting 
resins include: (1) alkyds; (2) allylics; (3) the aminos (melamine and urea); (4) epox.es; (5) 
phenolics; (6) polyesters; (7) silicones; and (8) methanes. 

Generally, the carbon black product is added like any other pigment to the plastic used to 
form a plastic premix. This can be done, for example, in a dry mix or a melt stage. The carbon 
black products of the invention may be used in combination with other conventional add.,.ves .n 
plastic compositions. According to the invention, the term p.astic composition includes, but .s no. 
.irnited to. any plastic material, article, goods, surface, fabric, sheet, and the like For example. 
p.astic materials include automotive parts, siding for homes, liners for swimming pools, roofing 
materials, packaging materials, and any variety of other household or industrial items. 

The carbon black products of this invention are also useful in aqueous ink formulauons. 
The water-dispersible carbon black products discussed above are particularly preferred for tins use. 
Thus, the invention provides an improved ink composition comprising water and a carbon black, 
the improvement comprising the use of a carbon black product according to the invention. Other 
known aqueous ink additives may be incorporated into the aqueous ink formulauon. 

In general, an ink consists of four basic components: (1) a colorant or pigment. (2) a 
vehicle or varnish which functions as a carrier during printing. (3) additives to improve printab,..ty 
drying, and the like, and (4) solvents to adjust viscosity, drying and the compatibility of the other 
ink components. For a general discussion on the properties, preparation and uses of aqueous mks. 
see The Printing Manual. 5th Ed.. Leach et al. Ed, (Chapman and Ha... .993). Various aqueous 
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blacks. Use of a water dispersible carbon black product discussed above may provide a significant 
advantage and cost savings by reducing or eliminating the steps generally used to disperse other 
conventional carbon blacks. Example 100 shows a paper product using a carbon black product 
according to the invention. 

The paper products of the invention may incorporate other known paper additives such as 
sizing agents, retention aids, fixatives, fillers, defoamers. deflocculating agents, and the like. 
Advantageously, the water dispersible caibon black products discussed above are retained more 
efficiently at low loading levels when compared to the untreated carbon black when retention aids 
and acidic or alkaline sizing agents are used. 

The caibon black products of the invention may also be used, as with conventional carbon 
blacks, as pigments, fillers, and reinforcing agents in the compounding and preparation of rubber 
compositions. Accordingly, the invention relates to an improved rubber composition containing 
rubber and a carbon black, the improvement comprising the use of a carbon black product 
according to the invention. The properties of the carbon black are important factors in 
determining the performance of the rubber composition containing a carbon black. 

Carbon blacks, for example, are useful in the preparation of rubber vulcanizates such as 
those in tires. It is generally desirable in the production of tires to utilize carbon blacks which 
produce tires with satisfactory abrasion resistance and hysteresis performance. The treadwear 
properties of a tire are related to abrasion resistance. The greater the abrasion resistance, the 
greater the number of miles the tire will last without wearing out. The hysteresis of a rubber 
compound means the difference between the energy applied to deform a rubber compound, and the 
energy released as the rubber compound recovers to its initial undeformed state. Tires with lower 
hysteresis values reduce rolling resistance and therefore are able to reduce the fuel consumption of 
the vehicle utilizing the tire. Thus, it is particularly desirable to have carbon black products 
capable of imparting greater abrasion resistance and lower hysteresis in tires. 

The carbon black products of this invention are useful in both natural and synthetic rubber 
compositions or mixtures of natural and synthetic rubbers. Carbon black products containing 
aromatic sulfides as the organic group, which are discussed above, are prefered for this use. 
Particularly preferred for use in rubber compositions are carbon black products having an attached 
aromatic sulfide organic group of the formula -(C 6 H 4 )-S k -(C 6 H 4 )-. where k is an integer from 1 
to 8, and more preferably where k ranges from 2 to 4. The carbon black products of the invenuon 
can be used in rubber compositions which are sulfur-cured or peroxide-cured. 

The carbon black products may be mixed with natural or synthetic rubbers by normal 
means, for example by milling. Generally, amounts of the carbon black product ranging from 
about 10 to about 250 parts by weight can be used for each 100 parts by weight of rubber m order 
to impart a significant degree of reinforcement. It is. however, preferred to use amounts varymg 
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u wool silk linen, polyester and nylon. Preferably natural fibers 

and synthetic fibers such as cotton, wool, siuc, unen, !~ , 

and textiles comprising cotton, wool, silk and Unen are use* Jn 

The carbon black products of the present invention may be colored by means 

The carbon blac P ^ ^ ^ ^ a gcncral o.scuss.on 

the art to color fibers and texules witn. ior eA<un F ?go-350 
v*_n,hn, e r Encyclopedia of Chemical Technology. Vol 8 pp 280 »u 

of coloring with dyes, see Ktrk-Othmer Encyclopedia 

•Dves AppUcation and Evaluation" (John Wiley and Sons. 1979). Use of wate pe 
Dyes, Appncau materials with a 

carbon black product discussed above provides a method g 

lightfast colorant clairoe d invention. 

The following examples are intended to lUustrate. 

EXAMPLES 
crucible that had been dned at 950OC and nea 

was poured through a screen and nnsed w,th wa on ^ 

according to ASTM D-2240-86. ^ m ^ abra der which is 

carbon black product of the invennon. 
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Examples 2-4 

Preparation of a carbon black product with preformed diazonium salt 
Preparation ot a c -e^on of carbon black products 

These examples illustrate additional methods for the preparauo 
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black (6 g) was stirred into 50 mL of the tetrabutylammonium tetrafluoroborate solution. 4- 
Bremobenrenediazonium tetranuoroborate was added, and the mixture was stirred for 15 minutes. 
The carbon black product was recovered by filtration and was washed twice with anhydrous 
bcnzonitrile and twice with hexanes. Except for the initial drying of the carbon black, all 
operations up to this point were carried out under an argon atmosphere in a dry box. A sample of 
.he carbon black product that was subject to Soxhlet extraction overnight with THF and dned 
had a bromine content of 0.85%. compared to <0.0l% for the untreated carbon black. Therefore, 
the carbon black product had 0.1 1 mmol/g of attached bromophenyl groups. 



Example 9 

Preparation of a carbon Uack product with a diaxoniun, salt generated in situ 

This example illustrates another method for the preparation of a carbon black product of 
the present invention. A fluffy carbon black with a surface area of 560 m2/g. a DBPA of 90 
mVXOO g and a volatile content of 9.5% was used. Fifty grams of the fluffy carbon black were 
added to a solution of 8.83 g of sulfanilic acid dissolved in 420 g of water. The resulting 
suspension was cooled to 30oC and 4.6 g of concentrated nitric acid was added. An aqueous 
solution containing 3.51 g of sodium nitrite was men added gradually with stirring, fomung 4- 
sulfobenzenediazonium hydroxide inner salt in situ, which reacts with the fluffy carbon black. 
The resulting product was dried in an oven at 125<>C, leaving the carbon black product. The 
carbon black product contained 1.97% sulfur after Soxhlet extraction with ethano. overmght, 
compared to 0.24% sulfur for the untreated fluffy carbon black. This corresponds to attachmg 
53% of the p-C 6 H 4 S0 3 - groups to the carbon black product. Therefore, the carbon black product 
had 0.54 mmoVg of attached p-C 6 H 4 S0 3 - groups. 

Example 10 

Potion of a carbon Mack product with an aliphatic diaxonium salt 

This example shows another method for the preparation of a carbon black product of the 
present invention. A fluffy carbon black with a surface area of 230 m2/g and a DBPA of 70 
ml /,00 g was used. Twenty grams of this black were added to a solution of 4.9 g of 2- 
aminoethanesulfonic acid in 180 g of water. Concentrated nitric acid (4.32 g) was added. A 
solution of 3.33 g of sodium nitrite in .5 g of water was added slowly with stirring, fomung 2- 
sulfoethanediazonium nitrate in situ, which reacted with the fluffy carbon b,ack. A large cuanuty 
of bubb.es evolved. The product was dried in an oven at 135oC. leaving a carbon b.ack produ 
The resulting carbon b«ack product contained 1.68% sulfur after Soxhlet extraction with ethanol 
overnight, compared to 0.4% for the untreated fluffy carbon black. This corresponds to attachmg 
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had 0.40 mmol/g of attached C 2 H 4 S0 3 - groups. 

Example 11 

^paxanon of . cmbon black pmduct with . benzy.diazonium ad. 
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Example 12 
Preparation of a caibon Wack product 
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1.1% sulfur, compared against 0.8% for the untreated carbon black. This shows that 27% of the 
p-C 6 H 4 S0 3 - groups were attached to the carbon black product. Therefore, the carbon black 
product had 0.09 mmol/g of attached p-C 6 H 4 S0 3 - groups. 

Example 14 

Preparation of a carbon black product in a pin pelletizer with a diazoninm salt generated in situ 
This example illustrates another method for preparing a carbon black product of the 
present invention. A pin pelletizer was charged with 200 g of a carbon black with a CTAB 
surface area of 350 m2/g and a DBPA of 120. A solution of 44.2 g of sodium sulfanilate in 95 g 
of water at 70°C was added and the pelletizer was run for one minute. Twenty grams of water 
was added followed by 39.6 g of concentrated nitric acid. The pelletizer was run for an additional 
minute. Twenty grams of water was added followed by a solution of 16.76 g of sodium nitrite in 
35 g of water, forming 4-sulfobenzenediazonium hydroxide inner salt in situ, which reacted with 
the carbon black. After running the pelletizer for five minutes, a solution of 1 1.22 g of sodium 
hydroxide in 35 g of water was added. The pelletizer was run for an additional two minutes and 
the resulting a carbon black product was subsequently dried. Soxhlet extraction with ethanol 
overnight gave a carbon black product with 3.3% sulfur, compared against 0.5% for the untreated 
carbon black. This shows that 77% of the p-C6H4S03- groups were attached to the carbon black 
product. Therefore, the carbon black product had 0.88 mmol/g of attached p-C^H^SC^- groups. 

Example 15 

Preparation of a carbon black product in a pin pelletizer with a diazonhim salt generated in situ 
This example further illustrates the preparation of a carbon black product of the present 
invention. A pin pelletizer was charged with 200 g of a carbon black product with a surface area 
of 560 m2/g, a DBPA of 90 ml/100 g and a volatile content of 9.5%. Water (60 g), concentrated 
nitric acid (25.2 g), sulfanilic acid (40.4 g) and a solution of 19.7 g of sodium nitrite in 35 g of 
water were added successively; the pelletizer was run for one minute after each addition. 4* 
Sulfobenzenediazonium hydroxide inner salt was generated in situ, and it reacted with the carbon 
black. After standing for five minutes, the resulting carbon black product was dried at !25<>C. A 
sample of the carbon black product was subjected to Soxhlet extraction with ethanol overnight. It 
contained 2.15% sulfur compared to 0.24% for the untreated carbon black. This shows that 51% 
of the p-C 6 H 4 SC>3- groups were attached to the carbon black product. Therefore, the carbon 
black product had 0.60 mmol/g of attached p-C 6 H 4 S03- groups. 
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reparation of a caAon Mack preduct fa a peUetizer with a diazonium salt generated fa situ 
This example illustrates another method for the preparation of a carbon black product of 
the present invention. A carbon black (200 g) with a CTAB surface area of 350 m2/g and a 
DBPA of 120 ml/lOOg and 42.4 g sulfanilic acid were placed in a pin peUetizer. After mtxing for 
40 seconds, a solution of 20.7 NaN0 2 in 150 g of water was then added. 4-sulfobenzene 
diazonium hydroxide inner salt was formed in situ, which reacted with the carbon black. After 
mixing for 45 seconds, the resulting carbon black product was dried in an oven at 120oC. A 
sample of the product that had been subjected to Soxhlet extraction overnight with ethanol 
contained 3.47% sulfur, compared to 0.5% sulfur for the untreated carbon black product. 
Therefore, the carbon black product has 0.93 mmol/g of attached p-C 6 H 4 SO r gioups. 

Example 17 

P.epanUion of a carbon black product fa a continuous pin peUetizer with a diazomum salt 

generated in situ 

This example illustrates another method for preparing a carbon black product of the 
present invention. A carbon black with a CTAB surface area of 133 m2/g and a fluffy DBPA of 
190 ml/100 g is introduced into a continuously operating pin peUetizer at a rate of 100 parts by 
weight per hour. Simultaneously, a 30% solution of sodium nitrite in water and a suspense 
containing 5.43% concentrated nitric acid. 8.72 % sulfanilic acid and 85.9% water are introduced 
into the peUetizer. The sodium nitrite solution is introduced at 16 parts by weight per hour and 
ft. suspension is added at 1 12 parts by weight per hour. 4-Su.fobenze„ediazonium hydrox,de 
inner salt was generated in situ and it reacted with the carbon black in the peUetizer. The matenal 
.eaving the peUetizer was the carbon b.ack product. The carbon b.ack product was dried at 
125 oC A sample of the carbon black product that had been subjected to Soxhlet extract w,th 
ethanol overnight contained 1.70% sulfur, compared to 0.42% for the untreated carbon black. 
Therefore, the carbon black product had 0.40 mmol/g of attached p-C 6 H 4 S0 3 - groups. 

Example 18 

I^parauon of a carbon Mack product with a diazonium salt generated in situ 

This example shows another method for preparing a carbon b.ack product of the present 
invention. In this example, the acid for the diazotization reaction comes from the amine fornung 
fte diazonium salt, sulfanilic acid. As a result, no addition, acid was required. Sulfamic actd 
{2 ,2 g) was dissolved in 90 g water at 70oC. The solution was added to 10 g of a carbon black 
with a CTAB surface area of 350 m2/g and a DBPA of 120 ml/100 g. and cooled to room 
cemperature. A solution of 1.04 g NaN0 2 in .0 g water was added with stimng. 4- 
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Sulfobcnzcncdiazonium hydroxide inner salt was generated in situ and it reacted with the carbon 
black to form the carbon black product. After stirring for 30 minutes, the resulting dispersion was 
dried in an oven at 120©C. A sample of the carbon black product that had been subjected to 
Soxhlet extraction with ethanol overnight contained 3.19% sulfur, compared to 0.5% for the 
untreated carbon black product. Therefore, the carbon black product had 0.84 mraoVg of attached 
p-C 6 H 4 S0 3 - groups. 

Example 19 

Preparation of a caifaon Hack product with a diazonium salt generated in situ 
This example illustrates another method for the preparation of a carbon black product of 
the present invention. In this example, the acid for the diazotization reaction comes from the 
amine forming the diazonium salt, sulfanilic acid. As a result, no additional acid was required. A 
carbon black (10 g) with a CTAB surface area of 350 m2/g and a DBPA of 120 ml/100 g was 
added to a boiling solution of 2.12 g sulfanilic acid in 90 g of water. A solution of 1.04 g of 
NaN0 2 in 10 g water was added cautiosly. 4-Sulfobenzene diazonium hydroxide inner salt was 
formed in situ, which reacted with the carbon black. After stirring for about 20 min, the resulting 
dispersion was dried in an oven at 120<>C. A sample of the product that had been subjected to 
Soxhlet extraction overnight with ethanol contained 3.16% sulfur, compared to 0.5% sulfur for the 
untreated carbon black. Therefore, the carbon black product had 0.83 mmol/g of attached p- 
C 6 H 4 S0 3 - groups. 

Examples 20-30 
Aqueous dispeisibUity of carbon black products 

These examples show that carbon black products of the present invention described in 
some earlier examples are more readily dispersed in water than the corresponding untreated carbon 
black. 
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Example 16 
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28 


Example 17 


0.02 


36 
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Example 18 


0.04 


97 


30 


Example 19 


0.01 


97 
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Examples 31-34 

Preparation and aqueous dispeisibility of carbon Mack products 

These examples show that carbon black products prepared using several different 
diazonium salts are more readily dispersed in water than are the corresponding untreated carbon 
blacks. In all cases, the untreated carbon black used for treatment has a surface area of 230 m2/g 
and a DBPA of 70 ml/100 g. To prepare the carbon black product, an aniline derivative was 
dissolved in warm water, the untreated carbon black (CB) was added and the mixture was cooled 
to room temperature. Concentrated HC1 was added and then a solution of sodium nitrite in water 
was added, forming a diaxonium salt in situ, which reacts with the untreated carbon black. After 
stirring for 15 minutes, the resulting dispersions were dried in an oven at 125oC. Residues were 
determined using the method described above. The amounts of each component and results are 
shown in the following table. The untreated carbon black had a residue of 94%. 



20 



25 



Example 


Aniline 
derivative 


Aniline 
derivativeg 


HC1 
g 


NaN02 
g 


CB 
g 


H20 
g 


Residue % 


31 ! 


5-Amino 2 
Hydroxy 
benzene 

sulfonic acid 


1.89 


1.18 


0.85 


10.0 


100 


0.06 


32 


2-Amino 
benzene 
sulfonic acid 


1.73 


1.18 


0.82 


10.0 


67 


0.14 


33 


3- 

Aminobenzene 
sulfonic acid 


1.72 


1.18 


0.84 


10.4 


77 


0.16 


34 


4- 

Atninoazobenz 
ene-4' sulfonic 
acid, Na salt 


2.94 


2.60 


0.83 


10.0 


71 


2.0 


Compara- 
tive 


Untreated 
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Exampl es 35-38 
Preparation and dispereibility of caibon black products 

These examples show additional caibon black products that are prepared using different 
diazonium salts and that are more readily dispersible in water than the corresponding untreated 
carbon black. All of these examples use naphthyl diazonium salts. In all cases, a caibon black 
with a surface area of 230 m2/g and a DBPA of 70 ml/100 g was used. A solution of 7 mmol of 
the naphthylamine and 0.42 g NaN0 2 in 10.83 g water was cooled to < 5°C. The diazonium salt 
was formed by the addition of a cold (5«C) solution of 1.63 g concentrated HC1 in 1.63 g water, 
maintaining the temperature at < 5oC. The reaction product was added to a stirring slurry of 10 
g of the untreated carbon black in 90 g of water. After stirring for an additional 10 minutes, the 
dispersion was dried, leaving the carbon black product. Samples of the carbon black products 
that had been subjected to Soxhlet extraction overnight with ethanol were analyzed for sulfur to 
determine the number of attached naphthyl groups. 



Example 


Naphthylamine 
derivative 


Sulfur % 


Substitutednaphthyl 
groups, mmol/g 


Residue % 


35 


Sodium 5-amino-2- 
naphthalene sulfonate 


2.15 


0.51 


<0.01 


36 


4-Amino-5-hydroxy- 
2,7-naphthalene 

disulfonic acid, mono 
potassium salt 


2.77 


0.35 


0.02 


37 


7-Amino-l,3- 
naphthalene disulfonic 
acid, mono potassium 
salt 


3.09 


0.40 


0.01 


38 


Sodium 4-amino-l- 
naphthalene sulfonate 


1.79 


0.40 


0.33 


Compara-tive 


Untreated 


0.5 
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Example 39 

Preparation and aqueous dispeisibility of a caibon black product 
This example illustrates another method for the preparation of a carbon black product of 
the present invention and illustrates that this carbon black product was more readily dispersible in 
water than is the corresponding untreated carbon black. 7-Amino-l,3-naphthalenedisulfonic acid 
(1.5 g) was dissolved in 90 g warm water. Ten grams of a carbon black with a surface area of 
230 m2/g and a DBPA of 70 ml/100 g was added, and the mixture was cooled to room 
temperature. A solution of 0.42 g NaN0 2 in 5 g water was added with stirring. The diazonium 
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Example 40 



^p^on and aqueous debility of a caiboo black pnrtuct 
This example shows mat a carbon black product prepared using another diazonium salt 
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Example 41 

«. example shows that a ca*oo « ^ - 

residue of 0.18%, compared to 94% for the untreated carbon black. 
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carbon black product disperses readily in water, and had a 325 mesh residue of 2.7%, compared to 
94% for the untreated carbon black. A sample of the carbon black product that was dried in an 
oven at 125»C did not disperse in water. A sample of the carbon black product that had been 
subjected to Soxhlet extraction overnight with THF contained 1.57% phosphorous. Therefore, the 
carbon black product had 0.51 mmol/g of attached p-C 6 H 4 P0 3 = groups. 

Example 43 

Preparation and aqueous dispeisibUity of a carbon Mack product 

This example illustrates the use of a diazonium salt containing a quaternary ammonium 
salt in the preparation of a carbon black product of the present invention and the dispersibility in 
water of this carbon black product. A cold solution of 3-amino-N-methyl pyridinium nitrate (11 
mmol) in 30 g of water was added to a suspension of 11.0 g of a carbon black (surface area 230. 
DBPA 70) in 70 g of water at < 10oC. Concentrated HC1 (2.38-g) was added. A cold solution of 
0.92 g NaN0 2 in 10 g water was added carefully, and the reaction mixture was stirred for 20 
minutes. The diazonium salt was formed in situ, and the salt reacted with the carbon black. A 
solution of 0.50 g of NaOH in 10 g of water was subsequently added. The sample was dried at 
130OQ giving a carbon black product. The carbon black product had a 325 mesh residue of 
0.40%, compared to 94% for the untreated carbon black product 

Example 44 

Preparation and aqueous dispeisibUity of a caibon Mack product 
This example further illustrates the use of a diazonium salt containing a quaternary 
ammonium salt in the preparation of a carbon black product of the present invention and the 
dispersibility in water of this carbon black product. Using a procedure analogous to that of 
Example 43 with 9.8 mmol 4-(aminophenyl)-trimethylammonium nitrate. 10.0 g carbon black. 2.25 
g concentrated HC1. 0.83 g NaN0 2 . a carbon black product with a 325 mesh residue of 0.6% was 
obtained. The residue of the untreated carbon black was 94%. 

Example 45 
Preparation and aqueous dispeisibUity 
of a carbon black product 

This example shows that a carbon black product produced with another diazonium salt 
was more readily dispersible in water than the corresponding untreated carbon black. The carbon 
black used for treatment had a surface area of 230 m2/g and a DBPA of 70ml/100 g. A cold 
( 5 oC) solution of 4-carboxymethyl-benzenediazonium chloride was prepared from 0.77 g 4- 
aminophenylacetic acid. 9.2 g cold water. 1.35 g cold concentrated HC. and 0.44 g NaN0 2 . The 
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dia^um solution was added to an ice cold stirring suspension of 5.04 g of the carbon black . 
35 2 g of water. Bubbles were released. After stirring for 20 minutes, the dispersion was placed 
in a water bath at 27* and stirred for an additional 20 minutes. The dispersion was dried . an 
oven at 120oC. leaving the carbon black product which had a 325 mesh residue of 2.5%, 
compared to 94% for the untreated carbon black. 

Example 46 
Preparation and aqueous dispeisibility 
of a carbon black product 
TO, show. M . c*bo. buck prcduc. wi* m*. dto*- 

««. A^M. i» — r *- *e coning Mi c»bo» buck. Tk. -I- — — 

charged wilb 200 g of the carton black. A suspension of gOmmol (12/7 g)s«n.» 4- 

rf „«, — . *e pe.1**, in succession. .Uh ope — «f — ( *» - « ~ 
!«. »d «ve — *. - «— • » " J 

^ „ ^ «*b sbe ^ bUck. A — -™> . NaOH ta » , — - - 
^ - conooueo fo, .wo — . Tbe ^ c«bon buck ^ « - 

, u -h i- «f ft 4 % compared to 94 % for the untreated carbon black, 
and had a 325 mesh residue of 6.4 *, comparcu 

Examples 47-59 

p™*.. of c«bo» btock pKKbW «d*dr««« «•*— » * BS 

_ auf«m .<«.....•-«— *•* » •— * ^ " 

. », m „N. a ndaDBPAof70ml/100g™isose<iineach 
eat™, bUA «W> " surface area of 230 m2/g and a DBrA 

A diaaoniun, »U M in . ice M ft. » compound 

coding nsuluple b»cb«c M bad beeo n»de ,, one M . - ,»««. -* 

Marker wcce prop.™, by floaing 113 g *#m~* — J*"* E ™ 

K mi „ UK „ . Bcbcae, nsiaer at 1 10° C. add,ng 4,g g of >bc carbon b«k pKrfuc, - 

four addiuonal minu,es Injecuon molded ca^lec fo, evaoauon «. ,» 
^rolg.- re o,»gof^-.»gofAB, ( ^-^. 
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styrene copolymer resin). The final concentration of the carbon blade product in the molded 
samples is 1%. 

The impact strength of the let down materia, was measured with an hod impact tester, the 
optica, properties were measured with a Hunter colorimeter. The impact strengths obtain* are 
express* as a percentage of the impact strength of the unfiUeo ABS used. Desirable propen.es 
a* high impact strength, .ow Hunter L values (jetter). Hunter a values near 0, and more negauve 
Hunter b values (bluer). Generally when carbon blac* is added to ABS to impart coior. the 
imp act suffers as the jetness improve, The results show that the carbon black products of the 
invention are useful as a colorant in ABS. 



Example 
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Diazonium 
Precursor 



Aniline 

4-Chloro- 
aniline 

4- Amino- 
benzoic acid 



Ethyl 4- 
amino 
benzoate 



4-Nitro- 
aniline 

4-Hexyl- 
aniline 

4-Tetradecyl- 
aniline 



Amount of 
Diazonium 
Precursor, 
mmol 



60 



60 



4-(N,N 
Dimethyl 
amino) 
aniline 

4-Amino 
acetophenone 

4-Amino 
phenol 

p-Phenylene 
diamine 

p-Phenetidine 

Reference 



60 



Impact 
strength, 
% of 
unfilled 
ABS 
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-0.3 
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Examples 60-62 



P.epamtk.n of caibon Mack products and their use as colorants in ABS 

~t -.Ann hlack nroducts of the present invention 
These examples illustrate the preparauon of carbon black products P 

„ different treating agents and the use of those carbon black products as a colorant m ABS. 
J The procedute for Examples 47-59 was used for the preparation of the carbon black 

— ^ ^ ^ ^ " 'Tig 203 6 g ABS for two nunutes in a Brabender 
Masterbatches were prepared by fluxing «m g /» 

r oinoT addinc 50 9 g of the carbon black product at 17>«*-, 
with an initial temperature of 210<>C, aoaing w.» g «« 

* a- black oroduct in the molded samples was 1%. 

^ of d« N« - » — « -*• »— 

invention are useful as a colorant in ABS. 




Examples 63-65 

^paration of carbon Wack products and their use in co.oHng polygene 

invention. A carbon mac* wiui » 

added to 200g «-b- — * . *. - — <° * oI «» « 

and isopropanol #2 and further mixing, the resulting 
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A control sample was prepared by mixing me untreated carbon black in the same pelletizer with 

water and isopropanol, and drying. 

Mastcrbatches were prepared by mixing 169.34 g low density polyethylene with 72.6 g of 
a carbon black sample in a Brabender mixer at 85* for five minutes. Plaques for evaluation 
were prepared by injection molding a mixture of 10 g of masterbatch and 1490 g of high denary 
polyethylene. The final concentration of carbon black product was 0.2%. The optica, properties 
of the plaques were measured with a Hunter colorimeter. The results show mat the carbon black 
products were somewhat jettcr (lower Hunter L values) than the control and are useful as a 
colorant for polyethylene. 




Example 66 

Preparation of a carbon black product in a pelleozer 

This example illustrates the preparation of a carbon b.ack product of the present invention. 
A pelletuer was charged with 300 g of a carbon black with a surface area of 254 m2/g and a 
DBPA of 188 ml/100 g and 21.2 g of sulfanilic acid. After mixing for 45 seconds, 220 g of water 
W as added. After mixing for 20 seconds. 13.2 g of concentrated nitric acid was added. After 
^ for an additional 20 second, a soluuon of ,0.3 g of NaNO, in 270 g of water was added. 
After mixing for 2 minutes, the resulting carbon black product was dried in an oven at »25oC. 
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Ex ample 67 

Use of a caibon black product in polypropylene 

and mixed for 5 minutes. A sampic resistivity 
„ mil mill bv mixing with additional polypropylene. The product nao 

black used in Example 66. 

Examples 68-76 
Preparation of carton black products 

*»•* »bsto«««. In each cue, » COW 01 wu 

MCW 0 N^» 2 »d *. «— - W - 

* «^«Kl!ickinwaterand/oTSUnedtorl5lo-zununui C 

.xtneUoo^HTOovtraighl. Thea.uy*s .ubmmUl 
fc ,«v., co.ui«0 *e .P^e — a«. **■ 
to*. 0, *. „ E »* E rou P s - — » «~ W>Ck 



WO 96/18688 



PCTAJS95/16194 




PCT/CS95/16W4 

WO 96/18688 

-34- 
Example 77 

, fctock product cm**** m l g""*' 

This mump* I*— *• e"*"" 0 " ' ' 1! ot SO m2/ g ««> • DBPA » 

Ato ^ » 30 — . * ^ 0,S% CI .» 

of aiuched bromoethoxy groups. 

Example 78 

M groups. A day sample o, . ** - , § „ „ ^ WBk 

70 ml/100 g was Cbl««m»°> <» "» «" "V „ oM>les ^ ^ rnpid.,. 

-err .r^—*— 

„«d m oeemig* - W - - ™ ^ ^ clrtOT Wl£ , The «~ - 
O^Bse^O^^B^^^^^^,^ 

product therefore had 0.16 mmol/g 01 
chloroethoxy groups. 

Example 79 

c^umm, «yl - "eoxy * «* ' ^ m „„e was p»p»«d » - « 

>•»»— i — ~ 

M from 0.6, g «— ' « ^ ^ „ ,„ , hUc k prod*.. 5 , 

Tta maxonium solullon »es aided «> s«sp Ato sW ng to. 30 ml»«es. 

me eubon Maes produe. « ^ » ovemleh , „«, THF 
— «* A s,mp,e ma. had be» ^ ^ samp „ «. propped * 

J5 ^d ,03* t— - ^X— — — ' — * 

s.dn.gmesameunuea.edc.roo."'*"" 5 - 6 
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THF drying and extracting with THF. The control contained <0.02% bromine and 0.082% 
chlorine. The carbon black product therefore had 0.13 mmol/g of attached bromophenyl groups 
and 0.022 mmol/g of attached chloroethoxy groups. 



$80 

Preparation of a carbon black product 

This example further illustrates the preparation of a carbon black ^duct of the present 
invention. Concentrated HC1 (16.2 g) was diluted with 40 g water and added to 9.30 g 4- 
aminophenyldisulf.de. The mixture was stirred in an ice bath. A cold solution of 6.21 g NaN0 2 
in 30 g waer was added with stirring, keeping the mixture below 10oC. 4-Diazophenyl disulfide 
dichloride is formed. The mixture was added to a suspension of 250 g of pelleted carbon black 
(iodine number of 120 mg/g and a DBPA of 125 ml/100 g) in 1.3L of wa«r at 10oC with stirring. 
Bubbles were released. After stirring for 2 1/2 hours, the product is filtered, washed with ethanol. 
washed with additional water and then dried at 125<>C to a constant weight. A sample of the 
carbon black product that was extracted overnight with THF and dried contained 1.75% sulfur, 
compared to 1.08% for the untreated carbon black. Therefore, the carbon black product had 0.10 
mmol/g of attached dithiodW.l-phenylene groups. 

Example 81 
Preparation of a carton Mack product 

This example illustrates the preparation of a carbon black product of the present 
invention. Concentrated HC1 (5.4 g) was diluted with 40 g water and added to 3.1 g 4- 
aminophenyldisulfide. The mixture was stirred in an ice bam. and 50 g additional cold water was 
added A cold solution of 2.07 g NaN0 2 in 30 g water was added with stirring, keepmg the 
reixture below 10oC. 4-Diazopheny. disulfide dichloride was formed. The mixture was added to 
a suspension of 125 g of pelleted carbon black (iodine number of 120 mg/g and a DBPA of 125 
mVm g) in about 800 g of water at 10 - 15oC with stirring. Bubbles were released. After 
stirring for 2 hours, the resulting carbon black product was filtered, washed with ethanol. washed 
with additional water and then dried at 125oC to a constant weight. A sample of the carbon black 
product that was extracted overnight with THF and dried contained 1.56 % sulfur, compared to 
1.08% for the untreated carbon black. Therefore, the carbon black product had 0.075 mmol/g of 
attached dithiodi-4,l-phenylene groups. 
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Exampie 82 
Preparation of a carbon black product 



Preparation oi » tw»- — ■ 

. „ nf . carbon black product of the present 

*, eaanpi. — ' * * 'J^V J, . dbpa rf .» *. 

„ ^ -Arm Mack with an iodme number of 120 mg/g an« • 

.tart**!* ^ ■ After addition of nwie warer. 

— - :rr;ir^ — - - — — — - 

residue was dissolved tn CH 2 U 2 . *■ 

^ 4-anunophenyltetrasulf.de * an oil. rf ^ ^ ^ icc bath . A 

4-Aminophenyl tetrasulfide (5.85 g) was surre & ^ 

HC1 in 50 g water was added, followeo grau 
cold solution of 8.1 g concentrated HC1 g ^ 

rf , NaN02 „«..-. "» ^ ^ ea*» « * - 

^ „ fifteKd oft. «*- >nd ^ ^ 

„f to earton Wok p»d»e. *». had been MM. ^ ^ ^ 

0 .„, .nnroVg of euacM reuaaiod,.... •,*«»*«« gn»pr. 



Example 83 
Preparation of a carbon Mack product 



tTC|MU<*LluaB v» — 

^ A carton »- wirh - — w>s M „ . rninrore - 2.S5 

g 4-»i«0f*e»yl Pl«"Vl duuBde m 50 g w. MSBoptenyl phenyl 

f UK g ^ ft- 30 , «. — - — - .0 • -pension - .22 g 

r~~H The diazonurn suspension *as aoocu 
„ disulfide chloride was formed. The ^ ^ reWse4 . After 

sto „g for .ho,, rwo hour, *e option „ M M bl «h produe, 

washed wish «»«■• - *" » ' " " ,M "' „,„ mF „„ dried had . sulfur eonsen. of 
thai had tine, . So* — - ^ ^ proioc , 

^ , n i 08% for the untreated carbon Mac*. 
, e l 32%. compared to l.ue/6 wi « 

^O.OSslo^of.tohedpheny-.phen.en.gronpa. 
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Example 84 
Preparation of a caibon black product 

Tte mux solution wis added slowly 10 a cold (I0°C). stoing s.sp«K.on of 4.65 | of 4 

«. 19S o of carbon black (iodine number of 120 mg/g ano 
was added to a cold stirring suspenston of 125 g of carbon o.ac 

. DBPA or ,25 t.V.00 «» ( 00,0 0M4O — - — 

*L« Bro o™«.^«~ i oo^««^ A '«^° , '" e ' AOnb " d ' Proi,,C, , ^ 
^Tl^P overnight M U» -* -w- - — * "J ~ ^~ 
black product Therefore, (ho carbon «* p~ had 0,2 ronroV, of «M — 
phenylene groups. 

Example 85 
Preparation of a caibon Wack product 

Tnis example further illustrates the preparation of a carbon blade product of the present 

resultmg caroo k black . Therefore, the carbon black 

2 12% sulfur, compared to 1.45% for uie umrcw™ 

product had 0.10 mmol/g of attached MWKI -phenylene groups. 

Example 86 
Preparation of a carbon black product 

ra , oa^pfc nius-moa the of a c»bon bUdt poaouc, of the preset — 

disulfide. 9.12 g concenirated HO and about 15 f MelWs 
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- hUck product had 0.081 mmol/g of attached dithiodi-4,1-0- 
carb on black, Therefore, the carbon black product 

chlorophenylene) groups. 

Example 87 

, Hack product with a diazonium salt generated in situ 

Reparation of a carbon Hack prooue ^ . nvenUon 

„, 8 «, . DBPA - » . - - — — • • — ~- 

,„ 0( ffi , of «*» «•* >* 14 L ,° ' "~ in sto which »«. «» - «*» 

«. w„ «* — a** d, ^ b « — » — ■ 

^ ^, — wi* ^ ■ ^ overal8b , «,h T» - - — 



20 



Example 88 

aAoo black im."—" 111 



25 Examples 8» and »» 

.■too"**!"*"* 

* « t 



Comparative caiww r o/v , «<- 

n carbon blacks used in Examples 80 and 85 were 

30 ^h-^"""'^ 
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Exampies 91*99 
Use of different carbon blacks for the preparation of 
carbon black products that are water dispeislble 

This example shows the use of a variety of carbon biacks in the preparation of carbon 
b ,ack products of the present invention. This example also shows mat the carbon black producu 
were more readily disperse in water than the corresponding unreacted carbon black, Sulfamhc 
acid was dissolved in 200 g of hot water. The carbon black product (30 g) was added and the 
•numre was allowed to cool to 25 to 30*. Concentrated HC. was added (2.15 equivalents based 
on the sulfanihc acid used) and then a 9.65M solution of NaN0 2 in water was added (1.2 
equivalents based on the sulfanilic acid used), forming 4-sulfobenzenediazonium hydrox.de m srtu, 
which reacted with the carbon black. After stirring for 30 minutes, the resulting dispersion was 
dried in an oven at lOOoC. giving the resulting carbon black product. 




iginai 
Carbon 
Black Surface 
Area m2/g 



gins 
Carbon black 
product 
DBPA 
ml/lOOg 




iidue of a 
carbon black 
product, % 



csidue of 
untreated 
carbon black 
product, % 



* Filtered through a 20 micron filter. 



** CTAB surface area 



Example 100 
Preparation of a carbon Mack product and its use 
in the preparation of Mack paper 

This ,™pie *~ » p^tf. > — btack p*. - » W— 

^ „ o, obpa .r + vy - • 

sulfanilic «id. ^ ttft. l» , W — . .« . - — -« ^» 
«. »d . soluuo. of 8.78 , of NaN02 I. 35 , of - — - — ■ «* 15 
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*r 4 Sulfobenzenediazonium hydroxide inner salt was formed 
second s of mixing after each ^"F^Z** — ** — « ^ " " 
in siw mi it reacted with the a*- * -J ^ by ^ fc „ watcr 

oven at 125<>C. A dispersion of this carton oiac h 

black ,„ . »»«, on , of ,m a ^ ^ ^ „ , 

wi* piodiog mod» i» • b»» "»» *** 
wasobuineo. ,„M m .i««lSl.Felicli»bte«cWsoft«ooottafl 

^ tr s * - - 
~-—^2r»^~-~-*-- — 

am** HP » — *- wis ^ ,„ «h c»ooo 

amounl of c»bo. bU* - "7"2 JU- Tho « F— w» -i 

the third portion at the rates of four po The resulting handsheets were 

j u -/»«h«»» was made from each sample, ine i«u e 
g» x 8" Noble & Wood handsheet was mauc 

„^ f« TAPP. »»~ 2^,^^ - sold 0, H— ..c 

Witainpon DE. BL 535 . » ^ ^ Wjck ^ 

» mm. »b,e show. » sW 1M lhe csrtw> o»c k p*. - b* 

, These data also show that when the paper was ma 

»d „ .lum rolom.on o.d, tl>0 03*00 ^ ^ 

^0*1, 0. - M -* ~ "Tim A"- - - BL 535 «*. 

♦u- « Q tv»r was made with an amaunc 
data further show that when the paper wa m advantageously at low loading 

aid. the carbon black product was retained more effic ently 
leV e,s when compared against the unreacted carbon black. 
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Example 101 

Use of a carton Wack pwduct in the prcpanUion of an aqueous ink 

This example iUustnues the advantages of using a carbon b.ack product of the prcsen, 
taven ti I an Jeous in, Ration. Ink compost A was f~*f£%T 
fc carbon black product of Example 13 to a vehicle made by mixing * 
61L V resi, 0,i parts isopropanol. 0.3. parts ARROWFLEX defoamer. 7,9 pans ONCRYL « 9 
resi „ and 6.98 parts water, and shaking the composition for .0 minutes on a pamt shaker, 
table below shows the 635 mesh residue level. 

JONCRYL is . «-* * - — I— - * SC T 

New York. NY. 



SUBSTITUTE SHEET (RULE 26) 




PCTAJSWK1W 



„ AKROWFUX «^ fc , ^ „ composition C * — i 

»W« DEFOAMER. 35.. P- «* » of umrem o 

^ bto c k used » »• ' rf ^ ^ „ «*, » 

inks. 
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Example 102 

preparation of aqueous coaungs. The carbon 
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in 90 g of water by stirring for 10 minutes. Coating composition A was prepared by stirring 4.3 
g of this dispersion into a mixture of 7.53 g of CARGILL 17-7240 acrylic resin, 0.80 g of 
dimethylethanolamine (DMEA). 19.57 g water, 0.37 g SURFYNOL CT136 surfactant, 1.32 g 
CARGILL 23-2347 melamine resin, 0.53 g ethylene glycol monobutyl ether and 0.075 g BYK-306 
surfactant CARGILL 17-7240 acrylic resin and CARGILL 23-2347 melamine resin are available 
from Cargill Inc.. Minneapolis. MN. SURFYNOL CT136 is a registered trademark for surfactants 
produced and sold by Air Products and Chemicab. Inc., Allentown, PA. BYK-306 is a registered 
trademark for surfactants produced and sold by BYK^Chemie USA, Wallingford. 

A millbase was prepared by grinding an oxidized carbon black product (15 g) with a 
surface area of 560 m2/g. a DBPA of 80ml/100g and a volatile content of 9% in a mixture of 74.6 
g of CARGILL 17-7240 acrylic resin. 9.53 g DMEA. 236.5 g water and 16.35 g CT-136 
surfactant until its mean volume particle size was 0.18 microns. Comparative coating compos,uon 
B was prepared by mixing 24.4 g of mis millbase with a mixture of 17.51 g CARGILL 17-7240 
acrylic resin, 1.74 g DMEA, 5036 g water. 3.97 g CARGILL 23-2347 melamine resin. 1.59 g 
ethylene glycol monobutyl ether and 0.23 g BYK-306 surfactant. Glossy lenetta paper coated wuh 
compositions A and B was dried at 350o F for 10 minute, A clear coat was applied, and the 
samples were dried again. The paper coated with composition A had Hunter L.a.b values of 1.0. 
0.01 and 0.03, respectively, compared to 1.1. 0.01 and -0.06, respectively for the paper coated 
with comparative composition B. 

Example 103 

Preparation of a carbon Mack product and its use In an aqueous coaling 

This example illustrates the preparation of a carbon black product of the present invention 
and the use of this carbon black product in an aqueous coating. A carbon b.ack (200 g ) w.th a 
CTAB surface area of 350 m2/g and a DBPA of 120 ml/lOOg was added to a stirred sohmon of 
42 4 g sulfanilic acid in 2800 g of water. Nitrogen dioxide (25.5 g) was dissolved in .00 g of 
cold water and added to the carbon black product suspension. Bubbles were released. 4- 
Sulfobenzenediazonium hydroxide inner salt was formed in situ, which reacted with the carbon 
b ,ack After stirring for one hour. 5 g of additional N0 2 was added directly to the carbon black 
dispersion. THe dispersion was stirred for an additiona. 15 minutes, and left overnight. The 
resulting carbon black product was recovered by drying the dispersion in an oven a, 130<>C 

A dispersion of this carbon black product was prepared by stirring 10 g of the carbon 
black product in 90 g of water. Coating composition C was prepared by stirring 43 g of tins 
dispersion into a mixture of 7.53 g of CARGILL 17-7240 acrylic resin. 0.80 g of DMEA. 19.57 g 
water. 0.37 g SURFYNOL CT136 surfactant. 1.32 g CARGILL 23-2347 melamine res.n. 0.53 g 
ethylene glycol monobutyl ether and 0.075 g BYK-306 surfactant. 
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A mi.lbase was prepared by grinding (in an attritor) an oxidized carbon black product (15 
E ) with a surface area of 560 m2/g. a DBPA of 91ml/100g and a volatile content of 9.5 % .» a 
mixture of 74.6 g of CARGILL 17-7240 acrylic resin. 9.53 g DMEA, 236.5 g water and 16.35 g 
SURFYNOL CT-136 surfactant for 24 hours. Comparative coating composition D was prepared 
b y mixing 24.4 g of this miUbasc with a mixture of 17.51 g CARGILL 17-7240 acrylic resm, 1,4 
g DMEA, 50.56 g water. 3.97 g CARGILL 23-2347 melamine resin. 1.59 g ethylene glyco, 
monobutyl ether and 0.23 g BYK-306 surfactant. 

Glossy lenetta paper coated with compositions A and B was dried at 350o F f or ,0 
■ninutes. A clear coat was applied, and the samples were dried again. The paper coated wtth 
co.pos.don C had Hunter L, a, and b values of 1.0. 0.01 and 0.03. respectively, compared to 1.1. 
0.01 and -0.06. respectively for the paper coated with comparative compose D. 

Examples 104-108 
Use of carbon black products in rubber formulations 
™ s ^ *e „* ,f ■»« carton black P™*- »' «™P te 80 '» 84 ** 

e^anae » i. r^.. The po,y»« is n,»,ed in . B^. ^ 0, 

, „L at ,00-C. A — of — — »" — - ™t ^ „, 

M ndnu.es. The s^Hc «,d and HSXZONE » .fr*n~ — Mi ~ »"« 
, .MM The _* - denied. c~,ed and ndaed . »C ft. I * 

«e* Mi. »d *. miaing .» e«*~d fo, » nddidon, — « The samp, -» 

... - - - — - - — - f a ■ ~ - 

» *. in *. «. Wow. NS U4 is a modified u„ conpied sohmo SBR 

JL,« » NiPP»n "»»• ' S * ' rataM * 

pnrt.ca available from Unitoyal Chemical. Nnuguock. CT. 
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Example 84 
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Stearic Acid 
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2 


2 


2 


9 


2 


TLEXZONt 
7P product 


1 


1 


l 


1 


i 


1 

1.25 ' 


CBS * 


i.25 


" 1.25 


1.25 


1.25 


1.25 ' 


" 0.2 " 


" MBT 


0.2 


0.2 


" 0.2 


0.2 


0.2 




Sulfur 


" 1.75 


1.75 


1.75 


1.75 


1.75 


— 1.75 
159.2 


Total 


159.2 


159.2 ' 


159.2 


159.2 ' 


159.2 





* CBS = cyclohexylbenzothiazylsulfenamide 
** MBT = mercaptobenzothiazole 
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These data show that carbon black products of the present invention are useful in rubber 
formulation, They further show that significant increases in modulus, bound rubber and abras,on 
stance are obtained, as are significant decreases in Tan 6. The magnitude of the effect 
depends on the treatment level as well as on the specific groups attached to the carbon black 
product. 



109-112 

Use of a carbon black product in rubber formulations 
This example illustrates the use of a carbon black product of the present invention in 
several different ntbber formulation, Rubber compounds were prepared from the carbon , black 

bribed for examples .04-108 using the recipes below. DURADENE 7,5 is a soluuon SBR. 
DURADENE is a registered trademark for SBR products avai.ab.e from Firestone. Akron OH. 



Example 

SBR 
1500 



109 



100 



Duradene715 

NR 

CB Product 
Example 
85 

Control 

CB 
Example 
90 

ZnO 
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Comparative 
100 



50 
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7P 
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MBT 



Sulfur 



Total 



1.2 



50 

T 

2 



10 



Comparative 



100 



50 



1.25 



0.2 



1.75 



159 



159.2 



1.2 
5 



0.2 



100 



50 

T 

2 



0.2 



159 
.2 



1.75 



159.2 
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Comparative 



100 



50 



I.: 



100 



50 

T 

2 



1.5 



159 



159.5 



12 



Comparative 



50 
50 

50 



1.2 
5 



158 

.75 



50 

lo" 



50 

T 

2 



1.25 



1.5 
158.75 
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The performance data in the table below show that 
mention are useful in several different rubber formulations. 



carbon black products according to the 











Bound 1 
rubber 1 
% \ 




1 j 
1 4 
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1 100% 
(Modulus I 
Mpa 


300% 1 
Modulus 
Mpa 


'ensile 1 
Mpa 


ilong.ll- 

% b 


lardness 
Shore A 


Tan 1 
6 OC l 


Tan 1 

> /U V_l 


index 
14 % 
slip 


index 1 
21 % 
slip j 

117 1 


Example 1 4 yi 
109 


19.3 


21.9 


338 


60 
~~62 

63 


29.8 
28.0 1 
32.4 


0.241 
0.280 


6.155 1 
0.182 1 


84 
100 


100 | 


Comparative) 3.70 

Example 1 479 
110 


~17.3~ 


23.0 
14.4 


393 j 
233 


0.477 




81 


175 




"16.3 


^282 1 


61 


28.6 


0.544" 


0.173 


100 


" 100 j 


Comparative 4.iu 

Example 1 
111 ' 


15.1 


24.4 


456 


1 55 


39.1 


1 0.221 


0.142 


| 98 


135 


" 17.1 


27.3~ 


"468 


1 


43.6 


0.240 


0.138 


t 100 


100 ] 


Comparative 3.48 

Example 1 377 
112 

Comparative! 3.39 


| 15.7 
| 15.4" 


19.0 
" 23.3 


358 
" 441 


1 58 
j 58 


33.3 
35.1 


0.296 
1 0.335 


0.156 
" 0.175 


100 
100 


176 
100 j 



Example 113 
Use of treated carbon Mack in a rubber formulation 

86 and the comparative carbon black of example tablc , These results 

show that the treated Zeon, Japan, 

modified tin coupled solution SBR and is 
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MBT 


0.2 


0.2 


Sulfur 


1.75 


1.75 




159.2 


"~ 159.2 
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113 


4.46 


17.3 
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28.0 


0.787 
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72 
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26.2 


0.818 


0.219 


100 


100 


Compara- 
tive 


4.12 


16.7 


21.2 


, 367 







Example 114 

Use of a carbon black product in a rubber fonnulanon 

87 and the comparative carbon black P in the following tables. These results 

,« The rotations and performance data are shown . the fo lowmg 
low that the carbon blacK product is useful in this rubber formulauo. 
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Examples 115-116 
ii k of caibon black product In robber formulations 

TTtese examples iuUrate the use of a carbon black product of the P"^<T£™ e 

104-108 was used with the recipies below. 



Example 

NS-114 

Duradene 
715 

CB Product 
Example 88 



Conttol CB 



ZnO 
Stearic Acid 



Flexzone 7P 

Dicumyl 
peroxide 

Total 



115 

loo" 



50 



3 

T 



1 

2 

158 



Comparative 
100 



50 



1 

2 

158 



116 

100 
50 



3 

T 
T 



2 

158 



Comparative 



100 



50 



1 

2 

158 



The performance data in the 
rubber formulations using a peroxide cure 



table below show that this carbon black product is useful in 




Example 117 
Use of a caibon black product to color textiles 

This example illustrates the use of a carbon black of the present invention to color 
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the carbon black product of Example 16 having attached C 6 H 4 S0 3 - groups at the indicated 
concentrations at 100«>C. The pH was adjusted as shown. The samples were removed, allowed to 
drain briefly, and postdated by placing for about 30 seconds in ho, water, a hot 1 M soluuon of 
NaCl or a hot 0.015 M solution of A1 2 (S0 4 ) 3 . When the P H of the carbon dispersion was 
adjusted, the pH of the NaCl and A1 2 (S0 4 ) 3 posttreament solutions were adjusted to match. The 
samples were then washed with water and dried. The L values below show that the texti.es were 
effectively colored with the carbon black product. Umer L values represent darker matenals. 



c 


:arbon 


nH P 
pn i 


rime 


Post treatment ^ 


4untcr L 


Textile 
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Min. 1 


H20 1 


NaCl 1 i 


U2 (S04)3 




Cotton 
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15 
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Silk 
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45 
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41.4 


Silk 
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45 






1 x 


22.2 
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45 






j x 


45.1 


Nylon 
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15 






1 x 


41.6 


Nylon 
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3.5 


45 


X 






35.3 


Nylon 


0.1 


3.5 


45 
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35.4 
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0.1 
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45 






I x 


27.8 


Nylon 
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5.5 


45 
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34.8 



A: pH not adjusted 
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Example 118 

This example further illustrates the in situ preparation of a carbon black product of the 
present invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 
mL/100 g was used. 

4-aminophenyl-2-benzothiazolyl disulfide was prepared according to the method descnbed 
in Brzezinska. E, Temay, ,r.. A. L. J. Org. Cher, 1994, vol. 59. pp. 8239-8244. 4-aminophenyl- 
2-benzothiazoly. disulfide (9.79 g) was dissolved in 300 mL of ethanol at 75 'C and added to a 
stirred slurry containing 225 g of carbon black pellett in 1 titer of ethanol and 6.37 g of 70% 
nitric acid. To the resulting slurry was added a 10 mL solution of NaN0 2 (2.64 g). Gas was 
evolved. After stirring for 48 hours most of the ethanol had evaporated and the resulting carbon 
black product was collected washed with water and dried at 125 'C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 

dried contained 1.77% sulfur, compared to 1.12% for the untreated black. Therefore, the carbon 

black product had 0.07 mmol/g of attached 4MyV* W W B) 

Example 119 

This example further illustrates the in situ preparation of a carbon black product of the 
present invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 

mL/100 g was used. 

4-aminophenyl-2-benzothia*>lyl disulfide (14.1 g) was prepared as in 
Example 1 18 and was dissolved in a solution consisting of ,0, g of 37% HC. 360 mL of water 
and 560 mL of acetone. The orange solution was then added to a stirred s.urry of carbon^ black 
pellets in 0.8 liters of water and 1.2 liters of acetone. A solution of NaNO, (3.8, g) in 60 mL of 
water and 90 mL of acetone was added to the slurry in one portion. Gas was evolved. The slurry 
was stirred overnight and filtered to collect the carbon black product. The carbon black product 
was washed with water, collected by filtration and dried at 125 -C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overmght and 
dried contained 1.77% sulfur, compared to 1.09% for the untreated black. Therefore, the carbon 
black product had 0.07 mmol/g of attached -(4-C 6 H 4 VS-S-(2-C 7 H 5 NS) groups. 
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Gsample 120 



^ to-m. A carbon blade wi* 8,1 iodio 6 — - '» "** "* 

chiton. - Ato „„, , of 5.3 g 

cf 37* HC1 dihtd . 200 nO. of »«». T « ^ ^ MgS0< 

v , mm Lof water was added a solution of 6.99 g of 37% HQ 
descrbed above, m 300 mL of water was u jf) 

15 ,tos "L": " IT ZL — . «- — - *-» — * * e 

then dried at 125 «C to constant weight. h( ^ 

. t .... Mack product which had been extraciea wu 

A sample of the carbon blacK pro There fore, the carbon 

sulfur compared to 1.1 1% for the untreated black. Theretore. 
dried contained 1.67% sulfur, cop S -S-(4-C^)-OH groups. 

b ,ack product had 0.09 mmol/g of attached -(4-C 6 H 4 )-S S (4 C 6 4 , 



Example 121 



le further illustrates the in situ preparation of a carbon black product of the 
This example further .Uustrates rf ^ 

present invention. A carbon b.ack with an .odtne number of 120 mg/g 



mUlOO g was used. f waler was added a 

-i «i„rrv of 237 E of carbon black pellets in 1 4 hters ot waie 
To a sttned slurry of 237 g ^ To ^ 

solution of 4.44 g of 4-aminothiopheno, and 7.36 g of 3 % HOm 

resulting s,urry was added a so,u*on of NaNO, (2,^ g) m m f - 

^ for ? S hours filtered, and washed with water. 
The slurry was stirred for 2.5 hours, 

was then dried at 125 «C to constant weight. and 
A ^ „, *. «~ - ~ - - - There(o „. , be etAo „ 

AM con.«nod I «■«*• °W ed " '" % 7 U „, 
btek p^uc, W 0.15 -« of «M 
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Ex ample 122 
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This example further illustrates the preparation of a carbon black product of the present 
invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mUlOO g was 



used 



To a stirred slurry of o-amino-l-mercaptobenrothiazole (6.14 g) in 300 mL of water was 
added 6 99 g of 37% HC1 in 75 mL of water. The resulting slurry was cooled to 10 »C. and a 
similarly cooled solution of NaN0 2 (2.64 g) in 50 mL of water was added The resulting orange 
slurry was stirred for 30 seconds then added to a stirred slurry of 225 g of carbon black pellets m 
1.4 liters of water and 300 g of ice. Gas was evolved. The slurry was stirred for 2.5 hours and 
then filtered. The carbon black product was then washed with water and dried at 125 »C to a 
constant weight 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.98% sulfur, compared to 1.1 1% for the untreated black. Therefore, the carbon 
black product had 0.135 mmol/g of attached -6-(2-C 7 H 4 NS)-SH groups. 

Example 123 

This example further illustrates the in situ preparation of a carbon black product of the 
present invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 
mL/100 g was used. 

Bis[2-(4-aminophenyl)ethyl]disulf.de was prepared as follows. To a refluxing soluUon of 
4-nitrophenylethylbromide (23 g) in a mixture of 280 mL of methanol and 70 mL of water was 
added a so«ution of Htfrfr* H 2 G (31 g) in 75 mL of water. A further 60 mL of water was 
then added to the reaction mixture. Refluxing conditions were continued for 5 hours. The 
resulting pale yellow solution was allowed to cool to room temperature. Methanol was removed 
from the solution on a rotary evaporator leaving a white crystalline aqueous slurry. Addmon of 
300 mL of water to the slurry yielded a slightly cloudy solution. To this aqueous soluuon of 
sodium 4-nitrophenylethyl-thiosulfate was added a solution of Na 2 S.9H 2 0 (120 g) in 300 mL of 
water The reaction mixture rapidly grew cloudy and slightly yeHow and. after several mmutes of 
stirring, a white precipitate formed. This slurry was heated to reflux for 18 hours then coo.ed. 
An orange oil was present which was extracted with several portions of ethyl acetate. The ethyl 
acetate extracts were combined, dried over MgS0 4 . and filtered. Removal of the ethyl acetate 
yielded 12 g of bisl2-(4-aminophenyl)ethyl] disulfide as an orange oil. 

To a stirred slurry of bis[2-(4-aminophenyl)ethyl]disulfide (5.02 g), prepared as desenbed 
above in 200 mL of water was added a solution of 6.67 g of 37% HC1 in .00 mL of water. After 
stirring for 20 minutes an orange solution was obtained and was added to a stirred slurry of carbon 
black pellets in 1 liter of water. To the resulting slurry was added a solution of NaNO, (2.46 g) 
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Example 124 



,. „ A carbon black with an iod>ne number of 120 mg/g an 
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„ roc, temperature and added to a sdrred slurry of carbon black pellets (225 g) in . .2 liters of 
water Next, a solution of NaN0 2 (5.04 g) in 100 mL of water was added to the carbon black 
s ,uny Gas was evolved. The reaction mixture was sdrred overnight and the carbon black 
product isolated by nitration, washed with water, and dried at 125 -C to a constant weigh, 

A sample of the carbon black product which had been ***** with THF overntght and 
dried contained 2.09% sulfur, compared to 1.11% for the untreated black. Therefore the carbon 
black product had 0.10 mmol/g of attached -(4-C 6 H 4 K:H 2 CH 2 -S-S-S-CH 2 CH 2 -(4-C 6 H 4 )- 
groups. 

Example 125 

This example further illustrates the in situ preparation of a carbon black product of the 
present invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 
ml/100 g was used. 

To a stirred slurry of bis(2-aminophenyl) disulf.de in 500 mL of water was added a 
solution of 13.6 g of 37% HC1 in 80 mL of water. The resulting slurry was heated to 65 -C 
yielding a gold solution with a brown solid. After filtering the hot solution to remove the soud 
L solution was then added with sdrring to a room temperature slurry of carbon black pellets (2* 
g ) i„ 1.2 liters of water. A solution of NaNO, (5.04 g) in 90 mL of water was then added o the 
carbonblackslurryoverthecourseofaminute. Gas was evolved. Tne mixture was stirred for 2 
hours, filtered and washed with water, and dried at 125 °C to a constant weigh, 

A sample of the carbon black product which had been extracted with THF overrught and 
dried contained 1.44% sulfur, compared to 1.12% for the untreated black. Therefore, the carbon 
black product had 0.05 mmol/g of attached K2-C 6 H 4 )-S-S-(2-C 6 H 4 )- groups. 

Example 126 

This curte Mta *»«■•«. «« P«P™*» of , c«bo« bhck pr«i«c of *c peso., 
s^. A 0«bo» «* . M- -*« of » -* - • ""PA of .25 mL-.OO , .as 



used. 



Vol 5 p 843 To 13.7 g of aoM S-niuobenaenesolfonyl chloride was <M 46 mL of 47* 
MH.*. .old (HO . o* ^ *«. Tho mi*. - — for « i-* 

mixture had cooled! NaHSOj was added K> neutralize the remaining iodine. The iwutomj^lMTy 
«, .tared . collect rhe soiid, and me solid - with 200 mL of — Trie soltd 
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„„, B« 8 4 , of bMJ.nioopto.yl) *uMde a* « 0»>ge »M. 

,« ,.,H OCT 4 gltal00.nl. of water. The ,^on m.xn»o was tanad » ««» 

wbKh fonod «. «« w g.« 5.9 8 of Ws(3 .«»i.o P l-»,l) 

combined and 4ned °vei MgS0 4 . Removal oi 

o a edn* « of of — * 

f1 o fln f 17% HC1 in 50 mL of water. This 
. « -» ■•. ~ rt f u, fl ter was added a solution of 18 g of J /* «ui in 
above, in 0/7 liters of water was aaaea , 6 1 *) in 75 mL of water 

t . . A j «t 11 ^ °C to a constant weight. 
by filtration, washed with water and dned at 115 C to ^ 

A sample of the carbon black product which had been extracted with 
A sample 01 for ^ untreated black. Therefore, the carbon 

dried contained 1.71% sulfur, compared to 1.11% for the un 
black product had 0.09 mmol/g of attached -<3-C 6 H 4 )-S-S-(3-C 6 H 4 )- groups. 



Example 127 



tavendon. A ebon block with an iodtae mm.be. of 120 mf. ■» ™r 

„ h w H ■ Hi«ins D ; and H««d. DJ>. I. Chem. Soc. 1962, pp. 2324.2379. A 

^'r, ;» ~ - added . aobd 6— - <« * 
soluuon of 3.5 g HU in :>u im, was 

and the resulting solution cooled to 10 *C. Next, a cold soluuon o W 

added, and mis mixture was then added to a stirred slurry of carbon black peUets < 0 g) 

Jinn f ire Gas was evolved. After stirring the m.xture for 3 hours, the 
n,L of water and 100 g of .ce. Gas was isopropano l. and air dried 

10 3 C T I' of the carbon black product which had been extracted with THP overnight and 
A sample of the arbon P ^ ^ ^ 

dried contained 1.50% sulfur, compared to 1.06% 

bla ck product had 0.14 mmol/g of attached -6-(C 7 H 5 N 2 S) groups. 
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Exampie 128 

This example further illustrates the in situ preparation of a carbon black product of the 
present invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 
mL/100 g was used. 

5 N-morphoUno-{6-anunobeiizothiazole)-2-sulfenamide was prepared as follows. A solution 

of Nal 3 was prepared by adding 12 (35.5 g) to an aqueous solution consisting of Nal (47 g) 
dissolved in 150 mL of water. Next, 6-amino-2-mercaptobenzothiazoIe (6.5 g) was added to a 
solution consisting of NaOH (2.84 g) in 50 mL of water. After stirring for 15 minutes, a red- 
biown solution was obtained to which morpholine (9.28 g) was added. To this mixture was added 

0 the previously prepared Nal 3 solution. A brown precipitate formed and the slurry was stirred for 

4 hours. The solid was isolated by filtration and air dried. The solid was slurried in 75 mL of 
ethanol and 3.34 g of morpholine. To this slurry was added dropwise a solution of 3.24 g of 12 
in 60 mL of ethanol over the course of 20 minutes. After stirring the mixture at room temperature 
overnight, the ethanol was removed on a rotary evaporator and the residue washed with an 

5 aqueous solution of Nal to remove unreacted iodine. The product was collected by filtration. 

washed with 250 mL of water, and then dried in a vacuum oven at 60 °C for 6 hours. 9.2 g of N- 
morphoUno-(6-aminobenzothiarole)-2-sulfenamide was isolated in 80% purity. 

To a stirred slurry containing carbon black pellets (175 g), N-morpholino-(6- 
aminobenzothiazole)-2-sulfenamide (7.01 g) and NaN0 2 (1.96 g) in I liter of water was added a 

»0 solution consisting of 5.43 g of 37% HC1 diluted in 75 mL of water. Gas was evolved. After 

stirring the slurry for 48 hours, the carbon black product was filtered, washed with water, and 
dried at 100 °C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.62% sulfur, compared to 1.12% for the untreated black. Therefore, the carbon 

15 black product had 0.08 mmol/g of attached -6-(2-C 7 H 4 NS)-S-NRR' groups, where RR 1 is - 

CH 2 CH 2 OCH 2 CH2- 

Example 129 

This example further illustrates the preparation of a carbon black product of the present 
50 invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mUlOO g was 

used. 

Bis(4-aminophenyl) tetrasulfide was prepared as follows. Under a nitrogen atmosphere, a 
solution of 9.74 g of 4-aminothiophenol in 150 mL of anydrous tetrahydrofuran (THF) was 
prepared. The solution was then cooled in a dry ice/ethanol bath. Butyl lithium was added to the 
35 flask and a thick yellow precipitate formed. Another 125 mL of THF was added to the flask and 

the flask wanned in an ice water bath to 5 'C. Sulfur monochloride. S 2 C1 2 . (2.80 mL) was added 
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Example 130 

roL/100 g was used. To a stirred slurry of 4- 

_ * * ~ A te ^ — — — — " 2 8) was 

^ . * — ~ - - ;*^ H :t - — — 

of orongo * «« 1— • ** «— 500 mL of »„», — ■ Onco » 

cool* ,000, Tto o^ogo « . - _ ^ „ 

„„„ acou* —O" >»d too. mm* - °™ MeS °"' 

gi « M 4-»»»optoo„, ^ . ^ .to»o. - «~ in 2« 

Ato sd* 15 — , - — » ^ WB r „, CTed to coooovo ,to »»d. »d 

—s yloldodofiooly div« 
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h s «™d slurry of carbon black pellets (225 g) in 1.2 liters of water. 
* filtrate was combined wtth a — ^* ~ ^ . fc calbon black slurry. Gas 
Ne *, a solution of NaN0 2 (5.04 g) . 50 mL o was ^ by 

^evolved, i*^*^*^"^**?? 

a a -a ot no °C to a constant weight. 

A ^pre of .* c«*» * fc ^ btek . Therefore, *e c»bon 

dried CO*** 236* »»». corep— » 1.0°* for ~ 

prefer M CO _« - — <«*>W*M*W <™ 

Example 131 

A carb0 n black producing attache* W S-S-S-S W - 
7° . themcth0 d of Example 130 and using a suspense of 7.03 g of 4 
prepared by foUowmg the method Examp soludon 

ir- j ... onn ml of water, a solution v.u* gw-" 
arninophenyl tetrasulfide . 200 mL carbon black pellets in 

of 3.36 g of NaN0 2 in 100 mL of water, and a slurry 225 g 

1 -2 liters of water. extracted with THF overnight and 

. * .u. Mt w«, Hack oroduct which had been " uautu 
A sample of the carbon oiacx prw» Therefore the carbon 

• x i <n« sulfur compared to 1-00% for the untreated black. Therefore, tn 
dried contained 1.63% sulfur, compare- S -M-C<R,)- groups. 

Hack product had 0.05 mmol/g of atuched <«<W*M*(* C fi H 4 ) 

Example 132 

A carbon black product having attacbed ^""W 2^ 
pr e pa red by following the method of Example 130 ^ — ^L.--. 
^phenyl tetrasulf.de in 2O0 mL of carbon black pellets in 

of 2.52 g of NaN0 2 in 100 mL of water, and a slurry 225 g 

1.2 liters of water. extracted with THF overnight and 

Therefore.*ecarbon 

dried contained 1.54% sulfur, compared to 00% * » 

black product had 0.03 mmol/g of attached -(4-C 6 H 4 )-S 6* 



30 



Example 133 



of , .54 8 of N.N0 2 in 100 *L of WUer. «» . *ny »6 f 



1.2 liters of water. 



0 



PCT/US95/16W 

WO 96/18688 

-62- 

w been extracted with THF overnight and 

conuino. eon»»«d •<" "* 

blKk pn**. had 0.02 of — (4 «W 

Example 134 

^ invent. A «*» IW. «*» . .0*" — " 120 

.woo , « — ■ ^ , „„„„ „„,,„ «a m> J™*"* 

^ by „*, 7.3, 8 " «^ . ^ ^ „ ^ 6Uc k <^ O 

« «W 0.46* b*. «t- » * * 
t *»bU Ck p™*.c,h-0.06n»ol/ g .f-«M-<« 6 H 4 ,CH 2 g» 



25 



30 



Example 135 



W*-*^--*- - "f „„ ^ in 600 mL of — 

,2,5 8 ) in 1.2 BW of • *» * « ^ „ inu „ te 2 houn *«n 

overnight, the carbon blade proa 

125 °C to a constant weight. wilh THF overnight and 

M 1.58* — 4 " '*! * , S . S03H ^ps. 

black p^uc M 0.05 «*« of ««W -<«W S °, 
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Example 136 

caibon black product of the present 
Ttts example further illustrates the preparauon . a ^ ^ ^ g was 

^ A carbon bU* with an iodine number of 120m* 

used. .. . . dj^de was prepared as follows. To N- 

*^ ~ al r0 om temperature was added 4- 
aceiylsulfanily. chloride (20.0 g) stirring m ac«one W yello w-oran g e reaction 

^phenyl disulfide (10,2 g) fol^d ^ ^ ^ g0 , den yellow solution 

formed. 73 I* 37% HC, was added to « i*- ^ was ^ with 100 
^onmixture. ^^^^"^ Ibined ethyl acetate extrac* 
^of water and exuded with ^ brine solution 0 x 1«, mL, dried 

were washed w*h water (5 x 100 ^ 2 , 3 7 g of cmde product as a tan 

over Na 2 S0 4 , and filtered. Removal ofthe ethyl ^ y 2N HCl (150 mL) was 

— was added --^^J^ « 
^ded. The resulting slurry was heated to «fl _ ^ ^ ^ wlutl0n was 

we « added, and the reaction was — ^ ^ ^ solid NaHC 0, and the 
aUowed to cool to room temperature and care u» m ^ ^ ^ 

,-gm.tureex^^ 

HCl. this y«H0- «**» « C ~' e< "" " This *M« ws » « 

dHed contained 2.21% sulfur, compared to . 141 , f 
Wade product had 0.084 mmol/g of attached <*W S0 2 N 6 
(4-C 6 H 4 )- groups. 
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ExampU 137 

• t , r.rhnn black product of the present 

A c^ton Mack - — " ,M "' 8 ' 8 

HO. This was cooled in an ice bah, -d . - „ , ^ ^ 

staJ of c-bc, « pO- («5 D . 1 1-* w „ wlsM ^ 

,„. overai gh< and mewl » oolloct *e caabc* M»* P"" 
stmrf overmen „ iehL 

«». coltected by lihrabon. »» d«d » '» L 

Example 138 

a Mack with an iodine number of 120 mg/g <" 

invention. A carbon blacK wiui 

used. , , , in , S 0mL of water containing 9.11 g of 37% 

p . Ph envlenediamine (2.43 g) was dissolved . 2 * . ^ ^ ^ rf 

HO. This was cooled in an ice bath, and a so,uuonof ,*> g ^ ^ rf 

watcr was added. This blue-green soluuon was add^ n one ^ ^ 

carb o„ b,ack pellets (225 g) * 2 liters of water contammg 28 8 o ^ _ 

overnight and filtered to collect the carbon black product. Tta pro 

Hrfried at 125 e C to a constant weight, 
collected by filtration, and dried at l-o ^ 

Example 139 

r ,.,,hr.n Wack product of the present 

This — — - "Z7m«Z^™ - 125 8 - 

Mte A ebon Wack - —« °" M 

«^ — * 0" ^ sdnod * . a~ a, - 

**. or N.OH (U „ *— - ' "» * ~ — Nll „ and n 

- - 0< - - *^TJ: „ teliw ^ ove, ,3 bona, - 
J nddnion »d condoned suning » . — ' « — 

filtration. . prep ared as described above, was 

£~ ^' P J S iluny .as Cad » an 
ld « to 600 mL or w«er c.»...n.ng 1366 8 or 37* 
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te W, and . eolon.. «- 5 04 , N.N02 tn 30mLo{ — - — • 

025 ,, in 2 ». of «~ «0 . - 1-. ~ *-» — — — ■* 

collect b, ««*». - «- « •» ^ » ' «— „ 0>OTlghl _ 

A sample of the carton Mack pmdnc «bicb b- <«b «»— « «* ™ 

T k pn^ M 0.054 mm.,, of ««bed ^,^-2 W S>- ~ 

Example 140 

^ c„mp* M. — P^o. of • « JP— - 
M*. A carbon black with an iodine number of 120 m* ** . - * « «" 

.) in water (200 «nL) was added to a mixture of 4-anunoth.ophenol (19.8 g) 190 

rrtmtaayl chloride (25.8 0 in pmOonr «■* S»od «»* The ronton, , 
1 J, nr maox for U boo. dnrm, ~ • -* - - ^ * 
Inn. - — . — - - - - — - * 

1« «b, — — - - - ^ - ^ " " " 

i «»« yi «,d«438.65.<>f4-^l^yl^'»be«>' l »» 1 « de ; (780 
All of me nbo»e prodncr »u dissolve in . mi»»e of akMl (235 mLl «- - > 
All of me nbo»e p Hi* *>«"> 

g of the desired piquet. lfldc n 77 e) prepared as described above, was added W 

a am i n nnhenvl-4-aminobenzyl sulfide (7.77 g), prepareu « 

4-am.nophen 1 ^ ^ ^ „ „ ice bath 

250 mL of water comammg 13.7 g of 37% .ixcure was 

and a solution of 5.04 g NaN0 2 d.sso.ved ,n 125 mL of water a 

^^r::rr:-:^:rr:r^nb, k 
rrr^r--s;^— --------- 

« , . j a . 175 °C to a constant weight, 
by filtration, and dried atU3 tiodw 
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A sample of the enrton »Ucn M-> — - — ' ™* ™ """"^ 

.. .„ t tin* for the untreated black. Therefore, the carton 

tek predne. had 0,2 _* - — WWW 

Example 141 

This ^ — - P«^«» - ' — "1^^^ 
^ A c*on «* w.0, . nnreoee o, » - ' •*» * 125 " U1 °° 8 

L Bate, B, Bticnrenn. L C. , Re, See,. B 1*5 * » » ■ 
■ ,«m«.fll4 a) in acetone (175 nO.)«aaadde«pyTKi.M 00.85 mL) followed 

water were added. A pale yellow precipitate formed, which was isolated y 
22.7gofbis(4-acctaiiudophenyl)thiosulfonate. 

The desired final product was obtained following a modification to the procedure 
.escribed in Here. C, Smile, S. , Chen, Soc. 1924, 2359. All of .e b^ 
aee.amidophenyDthiosulfanate prepared above (22, g) was dissolved ,n 250 mL o W 
+ of 2N HQ was added. The mixture was heated to reflux and stirred for 5 hours. Aft. 
1Z the reaction to coo, to room temperature, most « f - THF was removed an^so 
ZcL added careful, until no funher gas evoiution was see. An orange precipe fcrmcd. 

• , ,k fiimtion vielding the desired bis(4-aminophenyl)thiosulfonate (10.3 g). 
which was isolated by filtration, y.ela.ng me ^ 
Bis(4-aminophenyl)thiosulfonate (9.46 g). prepared as described above. 

A r«7«.HCl and the cloudy yellow mixture cooled in an ice 
of water containing 13.65g of 37% HC1. and thee yy 

. To ^ was add ed a solution of 5.04 g NaN0 2 dissolved in 125 mL of water. A y 

oath. To this was added ^ ^ ^ ^ ^ a ^ somng 

colloidal suspension formed. The resulting m 

s l UIxy of carbon black pellets (225 g) in 2 .iters of water containmg 280 g of ,ce. slurry 
/ *ht and filtered to collect the carbon black product. The product was washed with 

dri ed conld 1.85, sulfur, compared to 1.30, for the untreated black. Therefore, the carbon 
Ik product had 0.086 mmo.g of attached W SO r S-(4-C 6 H 4 )- group, 
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Example 142 

This example further illustrates the preparation of a carbon black product of the present 
invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mUlOO g was 
used. 

Bis(4-aminobenzyl) sulfide was prepared as follows. A solution of 4-nitrobenzyl chloride 
(55 0 g) in 500 mL of THF was added slowly, with good stirring, to a solution of Na^HjO 
(43.2 g) in 1 liter of water. The mixture was stirred at room temperature for 18 hours. Removal 
of the THF and filtration yielded 46.8 g of bis(4-nitrobenzyl) sulfide. 

All of this material was dissolved in 530 mL of ethanol. Water (1.1 liters) was added 
followed by 530 mL of 2N HC1 and 69.1 g of iron powder. While stirring vigorously, the mixture 
was heated at reflux for 3 hours. After cooling to room temperature. 800 mL of water were 
added and the reaction mixture was extracted with 1900 mL of ethyl acetate in several portions. 
The combined ethyl acetate extracts were dried over Na 2 S0 4 . and filtered. Removal of the ethyl 
acetate yielded 28.9 g of the desired bis(4-aminobenzyl) sulfide. 

Bis(4-aminobenzyl) sulfide (12.8 g). prepared as described above, was added to 700 mL 
of water containing 21.3 g of 37% HC1. The resulting solution was stirred for 2 hours and then 
cooled in an ice bath. A solution of 7.84 g NaN0 2 dissolved in 75 mL of water was added. The 
resulting brown colloidal suspension was added in one portion to a rapidly stirnng slurry of 
carbon black pellets (350 g) in 2.5 liters of water containing 280 g of ice. The slurry was suned 
overnight and then filtered to collect the carbon black product. This product was washed with 
ethanol then with water, collected by filtration, and dried a, 125 -C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.34% sulfur, compared to 1.00% for the untreated black. Therefore, the carbon 
black product had 0.1 1 mmol/g of attached -(4-C 6 H 4 )- CH 2 -S-CH 2 -(4-C 6 H 4 )- groups. 

Example 143 

TOs ««™>te rafter itawaes fte p*P»«i» »f » «*°» "«* P™*"" *• 

tara ,U0, A a»bon »!«* «* m iodfte of ,20 setfg -d . DBPA of .25 mU.OO g . 

BW-aninob^sulfid. (10.99 g). ,«pe^ es described for Eumple 142 ove. wes 
added to 700 mL of water IU , of 37* HO. M. **i '« 2 tma. ft. *~ 

- coofod ft . to Mb A »,««» of 6.72 g N.NO, dissoWed ft 7 5 mL o, .««, was added 
TO result b„w» was added ft one pordo. to . tepid., sttaing sh.ro. of 

bUcb pe.rets ,225 g, id 2 m. Of — — *■ » « of * The 
^ »d M . *- c*. mt ™. proooc. was -Sfoo w» «*«». 

to wi* warer. Cta*. by I*—. and d*d « .25 -C «, a «*». weigbt. 
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u, v nmduct which had been extracted with THF overnight and 
A sample of the carhon Mac. ^ ^ m carb on 

« cont^neo ,40, sulfcr. -^^^^ p» 
black product had 0.125 mmoVg of attached -(4-C 6 M 4 , 2 

Example 144 

in™,*,.. A erf*. bl*k w„h » W» — » 120 "* " 

follows A solulion of 3-nitrol»*yl chloride 

c«n i nf THF was added to a solution of Na 2 S«9H 2 u s> 
(5 ,„ 8) . »* - ^ ^oase <o, U _ Removal 

„„*,» wi» t~« .mt ™ « „ is(3 . ollIoMnl ,„ s„lf,d.. 

followed by 140 mL of 2N HC1 anO O'.o* B ^ 

extracts were dried over Na 2 S0 4 . ana nner 

desired bisO-aminobenzyl) sulfide. to ^ mL 

MM**-* 0M» * **** " ^^lao. - — * - 
• i R 1 * of 37% HC1. After stirring for 2 hours, the soiuu 
of water containing 18.2 g of 3 / * n ^ ^ The resulong 

ice bath. A solution of 6.72 g NaN0 2 dissolved in 

of carbon black 

— - — — - — — J- 1 " • ' "£ ~ 1 — - 

^«».«^-— r^r-— ----- 

filtered to collect the carbon black product. p 

at 125 °C to a constant weight. 
wat er. collected by filtrauon, and dried ^ ^ ovcmignl and 

dir ed contained 1.50% sulfur, compared to 1.21% for 

black product had 0.09 mmol/g of attached -(3-C 6 H 4 ) CH 2 2 

Example 145 

TOS ^-»— 

invention. A carbon black with an iodine number of Pi 

used. v , as describe0 f 0r Example 144 above, was 

* — 0*- * ^ ^ [M 2 MI , ,e solution 

added to 500 nri. of w» eoouimng 27.32 g of 37% H 
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was coded in an ice bath. A solution of 10.1 g NaN0 2 dissolved in 75 mL of water was added. 
The tesulting brown colloidal suspension was added in one portion to a rapidly stimng slurry of 
carbon black pellets (450 g) in 3 liters of water containing 300 g of ice. T*e slurry was soned 
overnight and filtered to collect the carbon black product. This product was washed with ethanol 
then with water, collected by filtration, and dried at 125 »C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.30% sulfur, compared to 1.00% for the untreated black. Therefore, the carbon 
black product had 0.094 mmol/g of attached -(3-C 6 H 4 >CH 2 -S-CH 2 -(3-C 6 H 4 )- groups. 

Example 146 

Thl, ««™ple farther .»"■«•» *• W*™ of • c«bo» Mack produce of dm preaen. 
to ™,*». A carton biack with an iodine nnmber of 120 mg/g and a DBPA of 125 -1/100 8 «. 

BiXn-aninobamyl) diaollide «» P"I»m° » foltows - * **** mft 
chloride (40.0 D in 933 nu. of ***** mt 233 i»L . «« heal* 1 a 
T. Oris .n added **. art* «~d coning, a aolodon of Na^Oj-SHjO <72J4 D in 233 mL 
of ««. Una « *- sdnad . mlta to. 4 horns. Ato cooling » room ^npomn., 

u rf w n^nanol e~ «m~* - » «« 1"» «**» <"-»-"* 300 " L) ~ 
, of NijCOj in 600 mL of M.. This «» art™. . n»m f« ■« 

^ daring .hid. dm. a cmam «do«d mi»»re fommd. The pmCpil*. - — * * 
(Umbo, and ««M wi* wm yielding 37.1 g of bWd-nirtobenayl) dUnlf.de. 

B.s(4.»iuobe»yl> dianlSd. (.0X1 g) «u di.eol.od » M Mm of ednmol (be«"g » 
73- fo.lo.ed by M. - ~«d«d » on*, . obuin . *>, a*W To dns 
^ acdudo, ™ added U •» o, _ 30 * of 2N HC. »d ,6.4 g of Tbe 
« dmn ello™. » *op » .PP—'y 45 - <* «*. w» connnued a, 

. fo- • «- «• — — -•"«—" ■■" md • , " > "* d ; , 

«„„„„„« „ 3.5 honca. A to cooling .. r~m mmpnn-e. - mixmr. .es dm. ««— — 
*. ««» «.», .«* The ccmrtined amy, aceuue ««mcu _ dried o» N^SO, «l 

Removal of dm — • *« «- • b«4— 
Bls^aminobena,,, dUnlfde («2 g). propped u described *ove. ~ -d- » 250 mL 
„, eonuining ,3.6b g o, 37* HC. Asse, sirring (or 2 houm. mo **m - cooled J a. 
„ bad,. A sohnion of 5.04 g N.NO, diaaolved in .25 mL of — - added- I*—- 
added in one portion » a rapid* adrring ..may of enrton t*t p«„eu (225 g m 2 k»ao 
.„„ comamin, 260 g od ice. The « alined ovemigb. and M . 
II p„d»«. 22m peod.. - — - — - - — — S » f """" ^ 
dried at 125 °C to a constant weight. 
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A sample or the carton black ^ which had heen e,*acted ~ 

■ if 1 55% sulfur compared to 1.00% for the untreated black. Therefore, the carbon 
dried contamed 1.55% sulfur, compareo vC H,-S-S-CH^4.C 6 H 4 >- groups, 

black product had 0.086 mmol/g of attached K4-C 6 H 4 ) CH 2 2 6 4 



Example 147 



invention. A carbon black with an .odine number of 120 mg/g 

. ij-j 69 04 e of the sodium salt of 3-nitiobenzyl thiosulfate. 
aqueous layer yielded 69.04 g or mc M< .„ anv added to a solution of 

. (Hj rn .124 83 E) in 1 -her of water was gradually afloea 10 
A solution of Na^ (124.83 g) with good String. After 

dd 750 »L »' — '• 2 " " ,L ^ " ' ,' was for 5 tor.. Ate 

— ---**:ri^r— — 

OT „„ 8 ,. n. -I—* «. *w N» 2 S0 4 . 

^ _ ^ «. — ~ — — ' 

«l fitaed. R«mo.al of 0* «™ >"" te<1 '' 5 8 

disulfide, j-seribed above, "as added lo 250 roL 

»— « *-* * TV" HT- — - — " - 

,a*. „fT7%HCl After stirring for 2 hours, the soiuuw 
of water containing 14.6 g of 37* n • water was added. This mixture was 

aided » one portion ,o . rapidly s«m» g slurry of atm » ^ ^ 

—r^:--— — 

125 °C to a constant weight. 



• « »PCT/US95/16194 


-71 - 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.62% sulfur, compared to 1.00% for the untreated black. Therefore, the carbon 
black product had 0.097 mmol/g of attached -(3-C 6 H 4 )-CH 2 -S-S-CH 2 -(3-C 6 H 4 )- groups. 



s 148 

This example further illustrates the in situ method of preparation of a carbon black 
ptoduct of the present invention. A carbon black with an iodine number of 120 mg/g and a 

DBPA of 125 mL/100 g was used. 

N-morptoUnMA-aminophenynsulfenamide was prepared as follows. A soluuon of 12 

(14 2 g) in ethanol (300 mL) was added to a well-stirred solution containing 4-maminophenyl 
disulf.de (13.9 g) and morpholine (24.4 g) in ethanol (300 mL). The reaction mixture was surred 
at room temperature for 3 hours. Removal of the ethanol gave a thick, nearly black oil. It was 
redissolved in 750 mL of ethyl acetate and washed several times with water. The ethyl acetate 
layer was dried over Na^O,. and filtered. Removal of the emyl acetate yielded 19.6 g of the 
oesiredN-morphotino-(4-aniinophenyl)sulfenainide. 

N-morphoUn<K4-aminophenyl)sulfenamide (9.46 g). prepared as described above, was 
added to a well-stined mixture of carbon black (225 g). ice (280 g). and water (2 liters). To tius 
was added a solution of 3.36 g NaN02 dissolved in 75 mL of water followed by addition of a 
solution of 37% HC1 (4.66 g) in 75 mL of water. The slurry was stirred for 5 hours, filtered to 
collect the carbon black product, and dried at 125 «C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.26% sulfur, compared to 1.21% for the untreated black. Therefore, the carbon 
black product had 0.02 mmoVg of attached -(4-C 6 H 4 )-S-NRR> groups where RR' ,s - 
CH 2 CH 2 OCH 2 CH2-. 

Example 149 

This cample tathe, inwnw "* » *■ ™* od ° f f"""™" 0 " * 
^ of ft. p»« A crt. bl.de wi* » iodine nuftbt, of 120 ml, -4 • 

DBPA of 125 ftU 100 g was used. 

N.mo n *olln<K4. a ml»op«»yl)».lf«»* <»■« «>■ » iaaM ' &Mmf>C , 

,48 abo«. - - • — i — « f ** * (2M ^ "* """" 
m TO ftis - addeo . —on of 3.36 , NaNO, ftsso,«d ft 35 „L o, M M low* b, 

of . sohfton of 33* HC. (»2 «, ft 35 ftL of waft,. The .Ion, was »< ,., 5 
filtered ,0 cen.ee, d. carton bftc. prt** - dnod . .25 -C ,0 a consftn. .«* 

A smpte of ft. corteft blank ^ -rtleh ted beon oxo^ wi* THF ovem.gh, and 
dried eonufted 1.34% e.»P«ed ft Ml. fo, .he -niftnftd blank. Theeefoft. fte corton 
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Mack product had 0.04 mmol/g of attached -(4^ 6 H 4 )-S-NRR' groups where RR' is - 
CH 2 CH 2 OCH 2 CH 2 -. 

Example 150 

This _» — - — — Tir.^ 

^ i.vendo, A carton «* ^ » ^ -•»■* — » PA - 

,*red J. of N-aceiylsulfanilyl (1.26 g) in 50 mLof CH^ * , - - 

^ ^toine <S59 »„ folfcwed ^ W— * * , 

ice bslh was removed, and the — — — 
*. CMS, .eve . bre-ish-veiiow solid, which .» stored vigoreosly m 50 reL of ware, f« 
T a Oild . give U4 g of WW*-----""-^ disolBde. 

to reflux in a mixture ^ muture 

te 3 h_ Ann, c~li»g » ~ - * » * ^ ^ _ ^ by 

^buichyc^llyaddregaoMNaHCOj. Awhnep P 

extracts were dried over Na 2 S0 4 ano imereu. 

Bis[2-(4 am.no HCl ^ a^ mixture cooled in an .ce 

aa.a .« ml. of water containing 13.6 g or si * ™-» « 

100 °C to a constant weight. rwernicht and 

A sample of the carhon black product which had been extracted with THF ov might 
T 2 06% sulfur compared to 1.21% for the unueated black. Therefore, the carbon 
dried contained 2.06% sulfur, comp vSOo NH-CH 7 CH 2 -S-S-CH 2 CH 2 -NHS0 2 -(4. 
black product had 0.07 mmol/g of attached -(4-C 6 H 4 ) S0 2 NH c 2 2 

C 6 H 4 )- groups. 

Example 151 

This eaarepie - ^"'TtZ^lZ™ 

inveniion. Ae»h».b lK sw,re» to dio«.ure b eror,20re 8 y g »d.DBPAof.25n, 



used. 
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l^aminophenyD-LS-dithiane was prepared following a modification to the procedure 
described in Truce, W.; Roberts, F J. Org. Chem. 1963, 28. 961. To a well-stirred mixture of 4- 
acetamidobenzaldehyde (12.7 g) in 200 mL of acetic acid was added MgCl 2 (5.57 g) followed by 
1.3-propane dithiol (8.44 g). The reaction mixture turned white upon addition of the dithiol. Th,s 
mixture was stirred at room temperature for 2 hours. The white precipitate was isolated by 
filtration, washed several times with water, and dried to give 12.5 g of 2-(4-acetamidophenyl)-l,3- 
dithiane. 

All 12.5 g of 2-(4-acetamidophenyl)-U-dithiane was dissolved in 150 mL of ethanol. A 
total of 150 mL of 2N HC1 was added, and the reaction mixture was heated to reflux. After 
reacting at this temperature for 6 hours, the clear yellow solution was allowed to cool to room 
temperature and then made basic with a dilute NaOH solution. The resulting tight yellow 
precipitate was isolated by filtration, washed with water until neutral, and dried to yield 14.8 g of 
the desired 2-(4-aminophenylH3-dithiane. 

2-(4-aminophenyl)-l,3-dithiane (7.13 g). prepared as described above, was added to 250 
mL of water containing 6.83 g of 37% HC1 and was cooled in an ice bath. A solution of 2.52 g 
NaN0 2 dissolved in 125 mL of water was added. This mixture was added in one portion to a 
rapidly stirring slurry of carbon black pellets (225 g) in 2 liters of water containing 200 g of ice. 
The slurry was stirred for 4.5 hours and filtered to collect the carbon black product. This product 
was washed with water, collected by filtration, and dried at 125 «C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.65% sulfur, compared to 1.21% for the untreated black. Therefore, the carbon 
black product had 0.07 mmol/g of attached -(4-C 6 H 4 )-2-(1.3-dithiane) groups. 

Example 152 

This example further illustrates the preparation of a carbon black product of the present 
invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mU.OO g was 
used. 

2-(4-aminophenyl)-1.3-dithiane (4.75 g), prepared as described in Example 151 above, was 
added to 250 mL of water containing 4.55 g of 37% HC1. Next, the mixture was cooled ,n an ,ce 
bath and a solution of 1.68 g NaN0 2 dissolved in 125 mL of water was added. The resulung 
mixture was added in one portion to a rapidly stirring slurry of carbon black pellets (1 12.5 g) m 
Uters of water containing 100 g of ice. The slurry was stirred for 4.5 hours and filtered to collect 
the carbon black product. This product was washed with water, collected by filtration, and dned 
at 125 °C to a constant weight. 
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A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.47% sulfur, compared to 1.21% for the untreated black. Therefore, the carbon 
black product had 0.04 mmol/g of attached -<4-C 6 H 4 )-2-(1.3-dithiane) groups. 

Example 153 

This example further illustrates the in situ preparation of a carbon black product of the 
present invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 
mL/100 g was used. 

N,N'-bis-(4-aminophenyl)-piperazinosulfenamide was prepared as follows. A solution of 
12 (21.6 g) in 800 mL of ethanol was added to a well-stirred solution of 4,4- 
diaminophenyldisulfide (21.3 g) and piperazine (36.7 g) in 1 liter of ethanol at room temperature. 
The dark colored reaction mixture was stirred at this temperature for 16 hours and then filtered. 
The cream colored precipitate was washed with water and filtered to yield 25.1 g of the desired 
N,N'-bis-(4-aminophenyl)-piperazinosulfenamide. 

N,N'-bis-(4-aminophenyl)-piperazinosulfenamide (11.2 g). prepared as described above, 
was added to a well-stirred mixture of carbon black (225 g), ice (280 g), and water (2 liters). To 
this was added a solution of 5.04 g NaN0 2 dissolved in 75 mL of water followed by a solution of 
37% HO (13.65 g) in 75 mL of water. The slurry was stirred overnight and filtered to collect the 
carbon black product. The product was washed with water, filtered, and dried at 125 °C to a 
constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.91% sulfur, compared to 1.21% for the untreated black. Therefore, the carbon 
black product had 0.1 1 mmol/g of attached -(4-C 6 H 4 )-S-(1.4-C 4 H 8 N 2 )-S-(4-C 6 H 4 )- groups. 

Example 1S4 

This example further illustrates the preparation of a carbon black product of the present 
invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mUlOO g was 
used. 

Bis(4-aminophenyl) disulfide (4.19 g) was dissolved in 230 mL of water containing 7.32 g 
of 37% HC1. The solution was then cooled in an ice bath and a solution of 2.64 g NaN0 2 
dissolved in 40 mL of water added. This mixture was added in one portion to a rapidly stirring 
slurry of carbon black pellets (225 g) in 1200 mL of water containing a small amount of ice. The 
slurry was stirred for 2 hours and filtered to collect the carbon black product. This product was 
washed with ethanol. then with water, collected by filtration, and dried at 125 °C to a constant 
weight. 
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A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.55% sulfur, compared to 1.10% for the untreated black. Therefore, the carbon 
black product had 0.07 mmol/g of attached -(4-C 6 H 4 )-S-S-(4-C 6 H 4 )- groups. 

Example 155 

This example further illustrates the preparation of a carbon black product of the present 
invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mL/100 g was 
used. 

Bis(4-aminophenyl) disulfide (8.55 g) was dissolved in 180 mL of water containing 14.65 
g of 37% HC1. The solution was then cooled in an ice bath and 50 mL of ethanol was added 
followed by addition of a solution of 5.28 g NaN02 dissolved in 35 mL of water. This mixture 
was added in several portions to a rapidly stirring slurry of carbon black pellets (225 g) in 1200 
mL of water containing a small amount of ice; The slurry was stirred for 2 hours and filtered to 
collect the carbon black product This product was washed with ethanol. then with water, 
collected by filtration, and dried at 125 °C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 1.82% sulfur, compared to 1.10% for the untreated black. Therefore, the carbon 
black product had 0.11 mmol/g of attached -(4-C 6 H 4 )-S-S-(4-C 6 H 4 )- groups. 

Example 156 

This example further illustrates the preparation of a carbon black product of the present 
invention. A carbon black with an iodine number of 120 mg/g and a DBPA of 125 mlVlOO g was 
used. 

Bis(4-aminophenyl) disulfide (11.18 g) was dissolved in 560 mL of water containing 
19.53 g of 37% HC1. The solution was cooled in an ice bath and a solution of 7.04 g NaN02 
dissolved in 60 mL of water added. An additional 150 mL of water was added, and the mixture 
added in one portion to a rapidly stirring slurry of carbon black pellets (225 g) in 1200 mL of 
water containing a small amount of ice. The slurry was stirred for 2 hours and filtered to collect 
the carbon black product. This product was washed with ethanol. then with water, collected by 
filtration, and dried at 125 °C to a constant weight. 

A sample of the carbon black product which had been extracted with THF overnight and 
dried contained 2.26% sulfur, compared to 1.10% for the untreated black. Therefore, the carbon 
black product had 0.18 mmol/g of attached .(4-C 6 H 4 )-S-S-(4-C 6 H 4 )- groups. 
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Ex ample 157 



invcntion. A etc b.ack - - — °< 12 ° "* * ^ 

m^^phen,., divide (1MI g) - dissolved in 560 mL of _ 
^Irfleadded. 15 0^c.w»e,»»sdd.d»dd««s O .d»Sn„.»s„ 

m black peodoc, ». p~ - — - — • ««" - — * 
fii™..™ and dried at 125 °C to a constant weight. 

p^doc. tod 0.22 »moV 8 of ..ached <4W Wi -< 4 -W- 



^doo. A c«dco bU* .dh » ta*. of ,20 dtfg -d . DBPA - .25 n*2.00 , 

. „, 32* HC. The csoldog solodon « ccKsfcd i» » ico bask »d a sokdso, of .0.6 , NaN02 

... ctiTTin _ slurrv of caibon black pellets (225 g) >n 1200 mL of water 

" ^ 10 ' TZZr^L ^ was sOssod foc 2 bo„,s - — . . codec, d,e 
containing a small amount ot ice. me M » j „ , b 

carbon blacK product. » product was washed with ethanol. then w,th water, collected by 

filtration, and dried at 125 «C to a constant weight. 

A sample of the carbon black product which had been extracted w«h THF ovenug 
dri ed ^2.55* sulfur, compared to 1,0* for *e untreated black. Therefore, the carbon 
bl ack product had 0.23 mmol/g of attached ,4-C 6 H 4 )-S-S-(4-C 6 H 4 )- groups. 
Example 159 - Comparative Carbon Black Products 

in this comparative example, the carbon black used m Example 1 .8-158 was wa 
« e^l later and subset dried to give the comparative carbon black product. 
Example 160 - Comparative Carbon Black Products 

in this comparative example, the carbon black used m Examples 1 18-158 
without modification and serves as the comparative carbon black product. 
Use of carbon black products in rubber formulauons 
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The carbon black products described in Examples 1 18-158 can be used in a variety of 
elastomers. The elastomers include, but are not limited to, the following types: solution SBR, 
functionalized (tin coupled and/or chemically modified and/or other functional-ization) solution 
SBR. natural rubber, emulsion SBR. polybutadiene, and terpolymers. These elastomers may 
appear in robber formulations alone or as blends. 

NS 116 and NS 114 are chemically modified tin coupled solution SBRs available from 
Nippon Zeon, Japan. Duradene 715 is a solution SBR. Duradene is a registered trademark for 
SBR products available from Firestone, Akron OH. S 1216 is a solution SBR available from 
Goodyear Tire and Rubber Co.. Akron OH. SBR-1500 is an emulsion SBR available from 
Copolymer Rubber and Chemical Corp., Baton Rouge, LA. SL-574 is a tin coupled solution SBR 
available from Japan Synthetic Rubber Co. (JSR). Japan. RCT0586 and T0587 are chemically 
modified solution SBRs also available from JSR. Flexzone is a registered trademark for 
antidegradent products available from Uniroyal Chemical. Naugatuck, CT. CBS is N- 
cyclohexylbenzothiazylsulfenamide, MBT is 2-mercaptobenzothiazole and DTDM is N.N'- 
dithiodimorpholine. 

Examples 161-166 

These examples illustrate the use of the carbon black products of Examples 1 18, 121. 122 
and the comparative Example 160 in two different rubber formulations. The polymer was milled 
in a Brabender mixer for 1 minute at 100 °C. The carbon black product or comparative carbon 
black was added and mixed for 3 additional minutes or until a temperature of 160 -C was reached. 
The mixture was then dumped and passed through an open mill 3 limes. After allowing the 
compound to stand at room temperature for 2 hours, it was transferred back into the Brabender 
and mixed for 1 minute at 100 'C. After 1 minute, ZnO and stearic acid were added and mixed 
for 2 minutes and men Flexzone 7P antidegradent was added and mixed for an additiona. minute 
or until a temperature of 160 °C was reached. The sample was then dumped, passed through an 
open mill 3 times and allowed to stand at room temperature for 2 hours. The sample was placed 
back into the Brabender and mixed for 1 minute at 100 "C. The curatives were then added and 
mixed for 1 minute and the sample then dumped and passed through an open mill 3 times. The 
formulations used were selected from Table L 

The data in Table U show that carbon black products of the present invention are useful in 
rubber formulations. In the case where a blend of NS-1 16 and NS-l 14 was used, significant 
increases in 100% modulus, bound rubber, tensile strength, hardness and abrasion resistance can 
be obtained, as can significant decreases in Tan 6. In Duradene 715. higher modu 1U s. hardness, 
and bound rubber are obtained, while tensile strength, elongation at break and 70 -C Tan 6 are 
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of me effect depends on the specific groups attached to the carbon black 



Examples 167-180 
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,„ Examples MM* »s,n 8 •»»«- sdeeKs. ft. Table .. A ,!*». oha.se ,. to mm 
« ouoe to ta. nsbbe, con**** consul DTDM. In 0»s case, to samples 

™ ce dn I ede S onbeotoEx«npl«l61-166»«sfo»o««). 

The perfonmn** nans in Table III show to. esnbon black psoducu seccds.* » to 
pennon m — ,» seve. _ ™bbes » ^"^^ 

deacsibe. in Eaamples 4 „d 5 «dnce 70 -C T» . wne. nahn* n*bee. ™« s 
Dnsafcn. 715 in to tonnslanon. Fnstonnos.. Idino. of 0.8 phr of DTDM to to nsbber 

tarfne* m*to. -a bonno nsbbes. .0 to fonnnUnon wstoo, DTDM. 1. also nssolu 

ITZ*. - ™ — - > stes — — ffld p 

abrasion resistance. 

Examples 181-188 

Tnese examp.es iUustrate the use of the carbon black products of Examp.es ,» ^ 
a „d ,40 and the compare Example .60 in severa. different rubber formulations. The rubber 
Ipounds were ptepared b y me method described for Examp.es 161,66 using formulas 

SC,CCted r^ormance data in Tabic IV show that carbon black products according to *e 

\Lful in several different rubber formations. Specifically, in a blend of NS-1 16 
invention are useful in several dineren 

and NS-114 use of carbon black products from Examples 120, 126. 139 amd g 

and NS-114. usem In Dura dene. carbon black products 

bound rubber and significant reductions in 70 C Tan 

described in Examples 9 and 23 are especially useful in reducing 70 C Tan 6. 

Examples 189-196 

These eeansp.es _ » - - * — ** ""T^ ^ 
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_FPCTrtlS95/16194 

WO 96/18688 *W 

-79- 

Thc polymer was milled in a Brabender mixer for 1 minute at 100 °C. A mixture of ZnO 
and the carbon black product or comparative carbon black was added and mixed for 2 additional 
minutes. The stearic acid and Flexzone 7P antidegradent were added and mixed for 2 additional 
minutes. The sample was dumped and passed through an open mill 3 times. The sample was 
allowed to cool and then transferred back into the Brabender mixer and mixed for 1 minute at 
100 'C. The curative package was then added, mixing continued for 1 minute, and the sample 
dumped then passed through a open mill 3 times. 

Table V shows that these carbon black products are useful in several rubber formulations 
including functionalized and unfunctionalized solution SBRs. Furthermore, use of carbon black 
product described in Example 123 in S-1216. Duradene 715. and NS-1 16 results in lower 70 «C 
Tan 6 values as well as increased bound rubber. When compounded with NS-1 14. the carbon 
black product from Example 127 gave higher modulus, bound rubber and abrasion resistance, 
lower elongation and 70 °C Tan 6. and equal tensile strength and hardness. 

Examples 197-200 

These examples illustrate the use of the carbon black products of Examples 129 and 135 
and the comparative Example 160 in two different rubber formulations. The rubber compounds 
were prepared by the the method described in Examples 189-196 using formulations selected from 
Table 1. 

Table VI shows that these carbon black products are useful in these rubber formulates 
using functionalized or unformalized solution SBRs. When using a blend of NS-1 16 and NS- 
, ,4. increases in modulus, hardness, and bound rubber were observed. Sizable decreases in 70 -C 
Tan 6 and elongation are also seen. In Duradene 715. modulus was increased while tenstie 
strength, elongation at break, and 70 «C Tan 6 are all substantially reduced. 

Examples 201-205 

These examples illustrate the use of the carbon black products of Example 155 and the 
comparative Example 160 in different rubber formulations. The rubber compounds were prepared 
by the the method described in Examples 189-196 using formulations selected from Table I. 

Table VII shows that this carbon black product was useful in a number of rubber 
formulations, specifically formulations that contained NR. emu.sion SBR. or a functionalized 
solution SBRs selected from SL-574. RCTO-586. or TO-587. 
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Exaropies 206-215 

These examples illustrate the use of the carbon black products of Examples 154-158 and 
* comparative Example 159 in two rubber formula**, The rubber compounds were prepared 
by me the method described in Examples 189-196 using formulations se.ec,ed from Table I 

As can be seen by inspection of the data in Table VIII be,ow. a wide range of treatment 
.evels as exemplified by the carbon black products in Examples 154-158 can have an impact on 
nibber performance properties. 

Examples 216-221 

These examples illustrate the use of the carbon black products of Examples 137. 138. and 
Ml and the comparative Example 160 in two rubber formu.ation, The rubber compounds were 
prcp ared by the the method described in Examples .61-166 using formulations selected from 

TaWC 1 Table IX shows that these carbon black products were useful in several rubber 

foliations including functionalized and unfunctionalized solution SBRs. In particular the 

towcr 7Q oc Tan & valucs as 

carbon black products in Examples 137, 138. ana i«i a. 
and 138 also showed improvements in abrasion resistance. 

Examples 222-235 

These examples illustrate the use of the carbon black products of Examples 142-147 and 
- comparauve Example ,60 in three rubber formulation, The rubber compounds we* prepared 
by the the method described in Examples ,6,-166 using formulations selected from Tab, I 
' Table X shows that these carbon black products were useful in the ™bber formulates 
sM in particular. a„ of the blacks studied showed reductions in 70 *C Tan 6 v - and 
incr eased bound rubber in both functionalized and unfunded solution SBRs with 

... h9rHne , s 70 °C Tan 6 values were found in natural rubber, 
comparable hardness. Comparable hardness and 70 <- 

with the carbon black product of Example 146 showing the greatest reduction in Tan 6. 

Examples 236-246 
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Duradene 715 or a 70/30 blend of NS-116 and NS-,14. in general, abrasion resistance is either 
unchanged or impioved while 70 »C Tan 8 values were reduced. 

Examples 247-262 

These examp.es illustrate the use of the carbon black products of Examples 119. 125. 128 
and 130-133 and the comparative Example 160 in various rubber formulations. The rubber 
compounds were prepared by the the method described in Examples ,61-166 using formu.auons 
selected from Table I. 

t.w« xn fto*s ft* ft.* »<•* I"*" -** * "**" * m * um - 

71 J SBR-1500. o, . Wood of NS-116 ad NS-114, ****** » .mpro~d lose 70 

products tan Examples 13C-.33 i. Do^ 7,5 - N-ri Robber sbowed d». . ^ 
„, eabo. toe* MM l— - - W - » ^ °" ™ bb " Perf0 ™"'" ^ 

Example 263 
Preparation of a caibon Wack product 

Ten pm. of . a*, took . -*» -» »' » " d ' DBPA <* ™ m2 ' 8 
„, „ded » . sdning soludoo of 3.06 g of s^-N-eftylpyddin^ b»mid« b 77 g of ««r. 

Concent «* •*> <■« g> - — • - <- — «" * - " - ^ " """l 
70 *C. A solution of 1.07 g NeNOj in .no* 5,0, «. .dded — • *• » 

* HftWWW** w " ,ora,ed in wMeh "* ** 2 T. 

Ate fte n»ti» *— - — '« - * "* «" *" " " °™ " , 
Too o~d.e, fcl . — volome P«tie„ size o,0.,8 ™ peodoo, had -bed 3- 

C 5 H 4 N(C 2 H 5 ) + groups. 

Example 264 
Preparation of a caibon Hack product 

of 7 58 . A.NO, in 6 g of ««= « «*" *»« sli ™8 for >5 ■ *" ~* 

— ,0 A solodoo o, ,.0, g ^ 5g of — « 

The dUsonlon, s.» » 2 C 5 H 4 CH 2 N ( CH,>~ « «— * - — ^ J £ 
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„ ,0 • „d ften bolled for sbc, .5 g*~ » - «- " - ov * * 
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0.0% compared to 94% for the untreated carbon black. The product had attached 3- 
C 5 H 4 N(CH 3 ) + groups. 

Example 265 
Preparation of a carbon Hack product 

m .ere. H. -00- - -op. — .0 -C f»r ft. M .« <»0 „ - - 

M - .^.d «i» koh. n. .» -»< » • " L > 

„„ ^ and «. reixmre was ffltered ^ J-Ni^yHnme^—m w» 
^ ft- - _ Tbi. — - 75* p«. t, NMR. A --re 0, » . - ' 

L J»M for 2, br. The . nc.Ka.i~o - K0H - """^ " ^ " 

F oone„ gr»ns o, bUol wilb , -It. - 0, 2,0 m2/g »d . DBPA 0 70 ^ 

. add- . . **, **. of 3.06 , of " 

J* to abou, 70 -C. A sobilion of ..07 , N.NO, in .boo, 5g o. ...» was 

• H^rHNtCH,)"^ formed in sire. wb*b reaclcd wim tbe 
mimiles. H» dinaminm sail 3-N 2 C 6 H 4 W<-B3l was 

, k „. ^-wasMimd for one boor, Ihe sample was dnea in an 
cubon block. After Ibe reaction minore was srirreo 

...MS-C. Tbepre-toOred. M - - <*" — • ^^ tatl 

aiucned 3.N 2 C 6 H 4 CHjN(CH 3 ) 3 * groups. 

Example 266 
Preparation of a carbon black product 

Silver nilnte W was added — - «M . - 
olilonde in 700 g o, wale, and die re.arere wos sorreo . 70 foe 1 * " ~ ^ 
8te «d aod 200 g or a — blaca .1* a — - - **> «* - ^ 2 ^ 
, « added. An addidona. on. »«r of water and 20 , of c-mcenlreted HC, -.-^T 

• 1. H C H NC.H," was formed 1" *>• «**" *" 
diBonmm anil N 2 C 6 H 4 NC 5 H 5 aried ^ m 

Bnbbto were rekwd. Tbe dispersion was surred a. 70.80 for 
oven a, 125 -C. Tire proddcl bad auacned C 6 H 4 NC 5 H, g»»ps. 
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Ex ample 267 
Preparation of a caibon black product 

In a modification of a procedure from US Patent 2.821.526, a mixture of 250 g p- 
acetaminophenacyl chloride. 65 g of trimethyiamine and about 600 g of water was stirred for three 
days at room temperature. An additional 5 g of trimethylamine in 15 g water was added and the 
mixture was heated at 60 • for two hours. After cooling and filtering. 201 g concentrated HC1 
was added and the solution was boiled for an hour. After cooling. 4L of acetone was added and 
4-aminophenacyltrimethylammonium chloride hydrochloride was collected as a solid. 4- 
Aminophenacyluimethylammonium chloride hydrochloride (10.1 g) was suspended in 50 mL of 
ethanol. After addition of 4.1 g uiethylamine. the mixture was stirred for 40 minutes and heated 
at reflux for one hour. 4-Aminophenacyl-uimethylammonium chloride was collected by filtrauon 

and washed with ethanol. 

4-Aminophenacyltrimethylammonium chloride (2.51 g) was dissolved in water. Silver 
nitrite (1.69 g) was added, and the mixture was heated at 70 • for one hour. After filtering off the 
precipitate. 10 g of a carbon black with a surface area of 230 m2/g and a DBPA of 70 mUlOOg 
was added Water was added to bring the volume up to about 100 mL. Concentrated HC1 (Ug) 
was added and the dispersion was heated with stirring at 70 • for one hour. The diazonium sal, 
N 2 C 6 H 4 COCH 2 N(CH 3 ) 3 ++ was formed in situ, which reacted with die carbon black. Bubbles 
were released. The product had attached C 6 H 4 COCH 2 N(CH 3 ) 3 + groups. 

Example 268 
Preparation of a caibon Mack product 

A solution of 2.12 g of 4-acetaminophenacyl chloride. 0.83 g of pyridine and 6.4 g of 
dimethyisu.foxide was stirred overnight. After addition of an additional 0.8 g of pyridine and 1 g 
of dimethylsulfoxide. the soiution was stirred an additional 5 hours. Ether (50 mL) was added, and 
acetamidophenacylpyridinium chloride was collected by filtration. The 
aceumidophenacylpyridinium chloride was dissolved in water, the solution filtered and 1.7 g 
concentrated HC1 was added. After boiling for one hour, the solution was cooled, acetone was 
added, and 4-aminophenacylpyridinium chloride hydrochloride was collected by filtration. Two 
grams of 4-aminophenacylpyridinium chloride hydrochioride was dissolved in 15 g water and 4.5 
g of a basic ion exchange resin (Amberhte IRA400-OH) was added. After stirring, the resm was 
removed by filtration and 4-aminophenacy. P yridinium chloride was collected as an aqueous 

solution.^ ^ ^ ^ 4-aminophenacylpyridinium chloride in 25 g of water was heated at 
reflux with 1 g silver nitrite for about 90 minutes. The precipitate was removed by filtrauon. 
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C 6 H 4 COCH 2 (NC 5 Hj)* gK»P«- 
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Example 269 
Preparation of a carton Hack product 

A cold solution of 3.56 g NaN0 2 in water was added to a solution of 10.2 g 4,4- 
methylenedianiline. 140 g of water and 19.7 g of concentrated HQ that was stirring in an ice bath. 
After stirring for about 15 minutes, the resulting solution of the diazonium salt was added to a 
suspension of 200 g of a carton black in 1.6 L of water that was stirring at room temperature. 
The carton black had a surface area of 55 m2/g and DBPA of 46mL/100g. After stirring for 1 
1/2 hours, the mixture was neutralized with NaOH and filtered. The carbon black product was 
washed with water and dried in an oven at 125 °C. The carbon black product contained 0.332% 
nitrogen after Soxhlet extraction overnight with THF, compared to 0.081% nitrogen for the 
untreated carbon black. Therefore, the carton black product had 0.18 mmol/g of attached 
C 6 H 4 CH 2 C 6 H 4 NH 2 groups. 
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The claimed invention is: 

1 . A process for preparing a carbon black product having an organic group attached 

to the carbon black comprising the step of: 

reacting at least one diazonium salt with a carbon black in the absence of an externally 
applied electric current sufficient to reduce the diazonium salt. 

2. A process of claim 1 wherein the reacting step is carried out in an aprotic 

medium. 

3. A process of claim 1 wherein the reacting step is carried out in a protic medium. 

4. A process of claim 1 wherein the diazonium salt is generated in situ. 

5. A process for preparing a carbon black product having an organic group attached 

to the carbon black comprising the step of: 

reacting at least one diazonium salt with a carbon black in a protic reaction medium. 

6. A process of claim 5 wherein the diazonium salt is generated in situ from a 
primary amine. 

7. A process of claim 6 wherein the diazonium salt is generated in situ by reacting 
the primary amine, at least one nitrite and at least one acid. 

8. A process of claim 7 wherein the nitrite is a metal nitrite, and the acid and amine 

are present in a one to one molar ratio. 

9. A process of claim 6 wherein the diazonium salt is generated in situ by reacting 
the primary amine with a nitrite and the primary amine contains a strong acid group. 

10. A process of claim 9 wherein the primary amine is para-aminobenzenesulfonic 

acid (sulfanilic acid). 

11. A process of claim 6 wherein the diazonium salt is generated in situ by rcacung 
the primary amine with an aqueous solution of nitrogen dioxide. 

12. A process of claim 6 wherein the protic medium is an aqueous medium, and the 
primary amine is an amine of the formula AyArNH 2 . in which: 

Ar is an aromatic or heteroaromatic radical; 

A. which can be the same or different when y is greater than 1. is independently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of R. OR. COR. COOR. 
OCOR a carboxylate salt, halogen. CN. NR 2 . SO3H. a sulfonate salt. OSO3H. OSO3- salts, 
NR(COR). CONR,. NO,. OP0 3 H 2 . a monobasic or dibasic phosphate salt. P0 3 H 2 . a monobas,c 

, vi md m +y- MR + X- PR, + X" S1.R. SO,NRR'. S0 2 SR. SNRR. 
or dibasic phosphonate salt. N=NR. N 2 X . NR3 A , i-k 3 a . o k *. 2 1 

SSO3H, a SSO3- sal, SNQ. S0 2 NQ. C0 2 NQ. S-(l,4-pi P erazinediy.)-SR, 2-(U-dithianyl). 2- 
(1.3-dithiolanyl), SOR. and S0 2 R; and 
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a linear, branched or cyclic hydrocarbon radical, unsubsiituted or substituted with 
one or more of said functional groups; 

where R and R\ which can be the same or different, are hydrogen; branched or 
unbranched Cj-Cjq unsubstituted or substituted alkyl, alkenyl, or alkynyl; unsubsiituted or 
substituted aryl; unsubstituted or substituted heteroaryl; unsubstituted or substituted alkylaryl; or 
unsubstituted or substituted arylalkyl; wherein 

k is an integer from 1 to 8; 

X- is a halide or an anion derived from a mineral or organic acid; 

y is an integer from i to the total number of -CH radicals present in the aromatic radical; 

and 

Q is (CH 2 ) W . (CH2) x O(CH 2 ) r (CH 2 ) X NR(CH 2 ) Z , or (CH 2 ) X S(CH 2 ) Z , where x is 1 to 6, 
z is 1 to 6, and w is 2 to 6. 

13. A process of claim 12 wherein: 

Ar is an aromatic radical selected from the group consisting of phenyl, naphthyl. anthryl, 
phenanthryl, biphenyl, and pyridyl; 

A, which can be the same or different when y is greater than 1, is independently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of R, OR, COR, COOR, 
OCOR COOLi, COONa, COOK, COO'NR 4 + . halogen, CN. NR 2 . SOjH, SO3U. S0 3 Na. 
SO3K, S0 3 "NR 4 + , NR(COR), CONR 2 . N0 2 . P0 3 H 2 . POjHNa, P0 3 Na 2 , N=NR. r^+X", 
NR 3 + X". PR 3 + X". S k R. SOR, and S0 2 R: and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted with 

one or more of said functional groups; 

where R is hydrogen; branched or unbranched Cj-Cjo unsubstituted or substituted alkyl. 
alkenyl or alkynyl; unsubstituted or substituted aryl; unsubstituted or substituted heteroaryl, 
unsubstituted or substituted alkylaryl; or unsubstituted or substituted arylalkyl; wherein 

k is an integer from 1 to 8; 

X- is a halide or an anion derived from a mineral or organic acid; and 
y is an integer from 1 to 5 when Ar is phenyl, 1 to 7 when Ar is naphthyl. 1 to 9 when 
Ar is anthryl, phenanthryl, or biphenyl, and 1 to 4 when Ar is pyridyl. 
14. A process of claim 12, wherein: 

Ar is an aromatic radical selected from the group consisting of phenyl, benzothiazolyl. and 
benzothiadiazolyl; 

A. which can be the same or different when y is greater than 1. is independently a 
substituent on the aromatic radical selected from: 
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a functional group selected from the group consisting of S k R. SSO3H, S0 2 NRR. S0 2 SR. 
SNRR". SNQ, S0 2 NQ. C0 2 NQ. S-(1.4-piperazined.yI)-SR. 2-<1.3-dithia»yl), and 2-0.3- 
dithiolanyl); and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or subsututed wuh one or 

more of said functional groups; 

where R and R'. which can be the same or different, are hydrogen; branched or 
unbranched unsubstituted or substituted alky., alkenyl. or alkynyl; unsubstituted or 

substituted aryl; unsubstituted or substituted heteroaryl; unsubstituted or substituted alkylaryl; or 

unsubstituted or substituted arylalkyl; 

y is an integer from 1-5 when Ar is phenyl. 1-4 when Ar is benzothiazolyl. and 1-3 when 

Ar is bcnzothiadiazolyl; 

k is an integer from 1 to 8; and 

Q is (CH 2 ) W . (CH 2 ) x O(CH 2 ) z . (CH 2 ) X NR(CH 2 ) Z . or (CH 2 ) X S(CH 2 ) Z . where x is 1 to 6. 

z is 1 to 6. and w is 2 to 6. 

15. A process of claim 12. wherein R and K are selected from NH 2 -C 6 H 4 . CH 2 CH 2 - 

CJLrNH,, CH 2 -C 6 H 4 -NH 2 . andC 6 H 5 . 
6 ,6 A prUss of claim 12. wherein A is (CH 2 ) q S k (CH 2)r Ar. where k is an mteger 
from 1 to 8. q is an integer from 0 to 4. r is an integer from 0-4. and Ar is a substituted or 
unsubstituted aryl or heteroaryl group. 

17 A proce ss of claim 6 wherein the primary amine is an aminobenzenesulfomc acd 
or a sal, thereof, an aminoben.enecarboxy.ic acid or a salt thereof, or bis-para- 
H N (CM t ySt,-(CAl A ym 2 wherein k is an integer from 2 to 8. 
2 * 1 UL of Cin, .7 w^n ^ -to * ,^»b««— * 

acid (sulfanilic acid). 

19 . A process of claim 17, wherein the primary amine is b.s-para- 
u n (C H ^ S, -(C<H„)-NH, and k is 2. (para-aminophenyldisulf.de). 

" 2 " £ 'I ^ess of'daim 6 wherein the pHmary amine is H.NArS.A, where k is an 
integer from 2 to 4, Ar is phenylene. and Ar' is benzothiazolyl. 

M • A process of claim 6 wherein the primary amine is H.NArS.ArNH,. where k „ 
an integer from 2 to 4 and Ar is benzothiazolylene. 

22 A process of claim 21 wherein k is 2. 

23 '. A process of claim 6 wherein the primary amine is H 2 NArSH. where Ar is 

phenylene or benzothiazolylene. 

24 A process of claim 5 wherein the diazonium salt is generated m sttu. 

25 . A process of claim 5 wherein the diazonium salt is generated from a pnmary 
amine separately from the reacting step. 
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26. A process of claim 25 wherein the protic medium is an aqueous medium, and the 
primary amine is an amine of the formula AyArNH 2 , in which: 
Ar is an aromatic or heteroaromatic radical; 

A, which can be the same or different when y is greater than 1, is independently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of R, OR. COR, COOR, 
OCOR. a carboxylate salt, halogen. CN, NR 2 . S0 3 H, a sulfonate salt. OSO3H. OSO3- salts, 
NR(COR), CONR 2 , N0 2 , OPOjH^ a monobasic or dibasic phosphate salt, P0 3 H 2 , a monobasic 
or dibasic phosphonate salt. N=NR, N 2 + X", NRj+X", \* S0 2 NRR\ S0 2 SR. SNRR', 

SSO3H, a SSO3- salt, SNQ. S0 2 NQ. C0 2 NQ, S-(1.4-pipera2inediyl)-SR. 2.(l,3-dithianyl). 2- 

(1,3-dithiolanyl), SOR, and S0 2 R; and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted with 

one or more of said functional groups; 

where R and R, which can be the same or different, are hydrogen; branched or 
unbranched C,-C 20 unsubstituted or substituted alkyl, alkenyl. or alkynyl; unsubstituted or 
substituted aryl; unsubstituted or substituted heteroaryl; unsubstituted or substituted alkylaryl; or 
unsubstituted or substituted arylalkyl; wherein 

k is an integer from 1 to 8; 

X- is a halide or an anion derived from a mineral or organic acid; 

y is an integer from 1 to the total number of -CH radicals present in the aromatic radical; 

and 

Q is (CH 2 ) W . (CH 2 ) x O(CH 2 ) 2 . (CH 2 ) x NR(CH 2 ) r or (CH 2 ) X S(CH 2 ) Z . where x is 1 to 6. 

z is I to 6, and w is 2 10 6. 

27. A process of claim 25 wherein: 

Ar is an aromatic radical selected from the group consisting of phenyl, naphthyl. anthryl. 

phenanthryl, biphenyl. and pyridyl; 

A. which can be the same or different when y is greater than 1 . is independently a 

substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of R, OR. COR. COOR, OCOR. 
COOUCOONa, COOK, COO-NR 4 + , halogen, CN,NR 2 . SO3H. SO3U SO3Na.SO3K.SO3- 
NR 4 + . NR(COR). CONR 2 . N0 2 . P0 3 H 2 . P0 3 HNa. P0 3 Na 2 . N=NR, N 2 + X". NR 3 + X-, PR 3 + X • 

S k R, SOR. and S0 2 R; and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted w.th 

one or more of said functional groups; 
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k is an integer from I to 8; 

X- is a halide or an anion derived from a mineral or organic acid; and 
y is an integer from Uo 5 when Ar is phenyl. , to 7 when Ar is naphthyl. 1 to 9 when 
Ar is anthryl, phenanthry.. or biphenyl. and 1 to 4 when Ar is pyridyi. 
28 A process of claim 25, wherein: 

T^- * - - « — - - * * 

„ bsto „, m *« »om.*r«to< «l«c^f»n>-. SCKNRR . SO,SR. 

SNRR'. SNQ. S0 2 NQ. CO jN Q. W*— »• - Wl> 

— « «,* hydrocarton — . « — - " " 

Ar is benzothiadiazolyl; 

Q U <CH 2 ) W . (CH A 0(CH 2 V (CH 2 , x NR(CH 2 ) r « *~ 

- is ' ,o : - ?^ ,*» * — . » - * - — - a,2CHr 

unsubsututed aryl or heteroaryl group. amino benzenesulfonic 
31 A process of claim 25 wherein the pnmary amine .s an am.no 

». a rhr.xv1ic acid or a salt thereof, or bis-para- 
acid or a salt thereof, an ammobenzenecarboxyhc ac.d 

. ^ « ^ c tc H VNH-. wherein k is an integer from 2 to 8. 

¥ TS* « — ■ - — ' — is — — ,fomc 

acid (sulfanilic acid). 
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33. A process of claim 31 wherein the primary amine is bis-para- 
H 2 N-(C 6 H 4 VS k -(C 6 H 4 )-NH2 and k is 2, (para-aironophenyldisulfide). 

34. A process of claim 25 wherein the primary amine is H 2 NArS k Ar'. where k is an 

integer from 2 to 4. Ar is phenylene. and Ar* in benzothiazolyl. 

35. A process of claim 25 wherein the primary amine is H 2 NArS k ArNH 2 , where k is 
an integer from 2 to 4 and Ar is benzothiazolylene. 

36. A process of claim 25 wherein the primary amine is H 2 NArSH, where Ar is 

phenylene or benzothiazolylene. 

37. A process of claim 5 wherein the protic reaction medium is an aqueous medium. 

38. A process of claim 37 wherein the organic group of the diazonium salt is 
substituted or unsubstituted and is selected from the group consisting of an aliphatic group, a 
cyclic organic group, or an organic compound having an aliphatic portion and a cyclic portion. 

39. A process of claim 5 wherein the protic reaction medium is water. 

40. A process of claim 5 wherein the protic medium is an alcohol-based medium. 

41 . A carbon black product prepared according to the process of claim 1 . 

42. A carbon black product prepared according to the process of claim 5. 

43. A carbon black product prepared according to the process of claim 12. 

44. A carbon black product prepared according to the process of claim 13. 

45. A carbon black product prepared according to the process of claim 14. 

46. A carbon black product of claim 42 wherein the organic group is substituted or 
unsubstituted and is selected from the group consisting of an aliphatic group, a cyclic organic 
group, or an organic group having an aliphatic portion and a cyclic portion. 

47. A carbon black product of claim 42 wherein the organic group is a subsututed or 

unsubstituted aromatic group. 

48. A carbon black product of claim 47 wherein an aromatic ring of the aromauc 

group is an aryl group. 

49. A carbon black product of claim 47 wherein an aromatic ring of the aromauc 

group is a heteroaryl group. 

50. A carbon black product of claim 47 wherein said aromatic group is a group of the 

formula AyAr, wherein: 

Ar is an aromatic or heteroaromatic radical; 

A. which can be the same or different when y is greater than 1. is independently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of R. OR. COR. COOR. OCOR. a 
carboxylate sal, halogen. CN. NR 2 . SO3H. a sulfonate salt. OSO3H. OSO3- salts. NR(COR). 
CONR, N0 2 . OP0 3 H 2 . a monobasic or dibasic phosphate salt. P0 3 H 2 . a monobasic or d.bas.c 



Jfe HH PCI7US95/16194 

WO 96/18688 



104 



more of said functional groups; 

where R and R\ which can be the same or different, are hydrogen; branched or 
, ^ AC r unsubstituted or substituted alkyl. alkenyl. or alkynyl; unsubstituted or 

rr^m -— * — - — --^ 

k is an integer from 1 to 8; 

y. i, a tali* or an men <teri»ed f"i» a ™n«»l o. orgmic add; 
y u . »*. ft- ' • *• - — * * H " * "* 

- Q ia <CH 2V CCH^CH^. « «ta» « * • » <■ 

1 " 1 T "ZU - - * — ■ - — - is • - ot 

" '"t uT^T— — - - <™P — . - Pta.,, taP^, -* 

wbataeM o» radi«l Hart "»™ COR COOR. OCOR. 

^ NR.COR, CONR 2 . NO, PO,H, PO,HNa. K.,Na, H=NR. N 2 *X . NR 3 X . PR 3 *X . 

.MM » — i »" s » 6!, "" , " , - ! ' ,bSU "" e 

k is an integer from 1 to 8; 

:.:r---t:r:.~-: 

the formula A Ar, wherein: 
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Ar is an aromatic radical selected from the group consisting of phenyl, naphthyl, 
benzothiazolyl, and benzothiadiazolyl; 

A, which can be the same or different when y is greater than 1. is independently a 

substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of S fc R. SSO3H, S0 2 NRR\ S0 2 SR, 
SNRR', SNQ. S0 2 NQ, C0 2 NQ. S-(1.4-piperazinediyl)-SR, 2-(l,3-dithianyl), and 2-0,3- 
dithiolanyl); and 

a linear, branched or cyclic hydrocarbon radical, unsubstitutcd or substituted with one or 

more of said functional groups; 

where R and R\ which can be the same or different, are hydrogen; branched or 
unbranched C,-^ unsubstituted or substituted alkyl. alkenyl. alkynyl; unsubstituted or 
substituted aryl; unsubstituted or substituted heteroaryl; unsubstituted or substituted alkylaryl; 
unsubstituted or substituted arylalkyl, arylene. heteroaiylene. or alkylarylene; 

y is an integer from 1-5 when Ar is phenyl, 1-7 when Ar is naphthyl. 1-4 when Ar is 
benzothiazolyl, and 1-3 when Ar is benzothiadiazolyl; 

k is an integer from 1 to 8; and 

Q is (CH 2 ) W . (CH 2 ) X CKCH 2 ) Z , (CH 2 ) x NR(CH 2 ) r or (CH 2 ) X S(CH 2 ) Z . where x is 1 to 6. 

z is 1 to 6, and w is 2 to 6. 

53. A carbon black product of claim 42 wherein said aromatic group is phenyl or 

naphthyl. 

54. A carbon black product of claim 47 wherein said aromatic group is a group of the 

formula AyAr, wherein: 

Ar is an aromatic or heteroaromatic radical; 

A. which can be the same or different when y is greater than 1. is independently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of OR. COR. COOR. OCOR. a 
carboxylate salt. CN. NR 2 . SO3H, a sulfonate salt. OSO3H, OSO3- salts, NR(COR). CONR 2 . 
NO, OPO,H„ a monobasic or dibasic phosphate salt. P0 3 H 2 , a monobas.c or d,bas.c 
phosphonate sal, N=NR, N 2 *X", W,«1T. PR 3 + X-, S k R. S0 2 NRR, SO.SR. SNRR', SSO3H, a » 
salt, SNQ. S0 2 NQ. C0 2 NQ. S-(1.4-piperazinediy.)-SR. 2-(l,3-dithianyl), 2-(1.3-dithiolanyl). 
SOR, and SOoR; and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted wtth one or 

more of said functional groups; 

where R and R', which can be the same or different, are hydrogen; branched or 
unbranched C r C 20 unsubstituted or substituted alkyl, alkenyl. or alkynyl; unsubstituted or 
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k is an integer from 1 to 8; 

X- is a halide or an anion derived from a mineral or organic acid; 

, is an integer from 1 to the total number of -CH radicals present in the aromatic rad.cal; 

^ Q is (CH 2 ) W . (CH 2 ) x O(CH 2 ) z . (CH 2 ) X NR(CH 2V or (CH 2 , x S(CH 2 ) r where > is 1 to 6, 

7 is I to 6, and w is 2 to 6. 

55. A c*» black pate, of d*~ 54. .tad. »d «om«ie g»up . . (™P <* 

.Mom on the oomittie "tol "° m; 

COOU, COON,. COOK. COO-NR/.CN. NR, SO,U ' 

KR(COR>. CONR 2 . N0 2 . PO,H 2 . PO3HN.. ^ N=NK. N 2 *X . NR 3 *X . «,«X . S„R. 

S0R - 1 2^1- » — . — — « — - - °" - 

wh« R is hydtofto; bached « «*■«">*«' C ,-C 20 
k is an integer from 1 to 8; 

SNRR'. SNQ. S0 2 NQ. C0 2 NQ. * - 

dithiolanyl); and 



^R»CT/US95/16194 

WO 96/18688 

- 107- 

a Unear, branched or cyclic hydrocarbon radical, unsubstituted or substituted with 

one or more of said functional groups; 

where R and R\ which can be the same or different, are hydrogen; branched or 
unbranched Cj-C^ unsubstituted or substituted alkyl, alkenyl. alkynyl; unsubstituted or 
substituted aryl; unsubstituted or substituted heteroaryl; unsubstituted or substituted alkylaryl; 
unsubstituted or substituted arylalkyl, arylene. heteroarylene, or alkylarylene; 

y is an integer from 1-5 when Ar is phenyl, 1-4 when Ar is benzothiazolyl, and 1-3 when 

Ar is benzothiadiazolyl; 

k is an integer from 1 to 8; and 

Q is (CH 2 ) W , (CH 2 ) x O(CH 2 ) 2 , (CH 2 ) x NR(CH 2 ) r or (CH 2 ) x S(CH 2 ) r where x is 1 to 6, 

z is 1 to 6, and w is 2 to 6. 

57. A carbon black product comprising a carbon black and at least one attached 
organic group having a) an aromatic group and b) an acidic group having a pKa of less than 1 1. 
or a salt of an acidic group having a pKa of less man 1 1 . or a mixture of an acidic group havmg a 
pKa of less than 11 and a salt of an acidic group having a pKa of less than 1 1 . wherein at least 
one aromatic group of the organic group is directly attached to the carbon black. 

58. A carbon black product of claim 57 wherein the acidic group is a sulfonic acid 
group, a sulfinic acid group, a carboxylic acid group, or a phosphonic acid group. 

59. A carbon black product of claim 57 wherein the acidic group is SSO3H, 

OP0 3 H 2 . or OSO3H. 

60. A carbon black product of claim 57 wherein the aromatic group is a subsmuted 
phenyl group. 

61 . A carbon black product of claim 57 wherein the aromatic group is a subsututed 

naphthyl group. . 

62. A carbon black product of claim 57 wherein the organic group is a subsututed or 

unsubstituted sulfophenyl group or a salt thereof, or the organic group is a substituted or 
unsubstituted (polysulfo)phenyl group or a salt thereof. 

63 A carbon black product of claim 57 wherein the organic group is a subsmuted or 
unsubstituted carboxypheny. group or a salt thereof, or the organic group is a substituted or 
unsubstituted (polycarboxy)phcnyl group or a salt thereof. 

64 A carbon black product of claim 57 wherein the organic group is a subsututed or 
unsubstituted su.fonaphthy. group or a sal, thereof, or the organic group is a substituted or 
unsubstituted (polysulfo)naphthyl group or a salt thereof. 

65 A carbon black product of claim 57 wherein the organic group is a subsututed or 
unsubstituted carboxynaphthyl group or a salt thereof, or the organic group is a substituted or 
unsubstituted (polycarboxyjnaphthyl group or a salt thereof. 
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66. A carton black product of claim 57 wherein the organic group is p-sulfophenyl or 
a salt thereof. 

67. A carbon black product of claim 57 wherein the organic group is p-cartoxyphenyl 
or a salt thereof. 

68. A carton black product of claim 57 wherein the organic group is the Na salt of p- 
sulfophenyl. 

69. A carbon black product of claim 57 wherein the organic group is a 

hydroxysulfophenyl group. 

70. A carton black product of claim 69 wherein the organic group is 4-hydroxy-3- 

sulfophenyl. 

71 A carton black product comprising a carbon black and at least one orgamc group 
having a) an aromatic group and b) a cationic group, wherein at least one aromatic group of the 
organic group is attached to the carton black. 
" 72. A carbon black product of claim 71 wherein the cationic group is a quaternary 

ammonium group or a quaternary phosphonium group. 

73. A carbon black product of claim 71 wherein the aromatic group >s a subsututed 

phenyl group. ^ ^ ^ ^ Qf ^ 71 wherein me aromauc group is a substituted 

naphthyl group. 

75 A carbon black product of claim 71 wherein the orgamc group .s 
X-R,N-(CH 2 ) V A, wherein Ar is phenylene or naphthy.ene; R is independently hydrogen or a C r 
C 20 alky, group; X" is a halide or an anion derived from a mineral or organic acid; and y ,s an 

integer from 0 to 4. 

76 A carbon black product of claim 75, wherein y is 0. 

77 A carbon black product of claim 71, wherein the organic group is 
X-R^CH 2 COAr, wherein R is a substituted or unsubsututed C^ 10 alky.. Ar is phenylene or 
naphthylene; and X" is a halide or an anion derived from a mineral or organic acuL 

78. A carbon black product of claim 71 wherein the orgamc group .s a N-substuuted 

pyridinium group. 

79 A carton black product of claim 78. wherein the orgamc group .s 
-C 5 H 4 N-R + X-, where R is a substituted or unsubstituted C r C 20 hydrocarbon, and X .s a hal.de 

or an anion derived from a mineral or organic acid. 

80 A carton black product comprising a carbon black and at least one attached 
organic group having a) a C r C 12 alky, group and b) an acidic group having a pKa of less than 

or a salt of an acidic group having a P Ka of less than 11. or a mixture of an ac,d,c group 
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Having a P Ka of less than 11 and a salt of an acidic group having a pKa of less than 11. wherein 
*e C,-C 12 alkyl group of the organic group is directly attached to the carbon black. 

81 A carbon black product of claim 80 wherein the organic group is C 2 H 4 S0 3 H. 

82 A carbon black product comprising a carbon black and at least one organic group 
AKCH 2 WCH 2 )^ attached to the carbon black, wherein Ar and At" may be the same or 
Irentand are chl from the group consisting of arylene and heteroarylene; k is an mteger 
from 1 to 8; q is an integer from 0 to 4; and r is an integer from 0 to 4. 

83. A carbon black product of claim 82 wherein Ar and Ar' axe an arylene; k ,s an 

integer from 1 to 8; and q and r are 0. 

84. A carbon black product of claim 82 wherein Ar and M are phenylene; k ,s an 

integer from 2 to 4; and q and r are 0. 

85 A carbon black product of claim 84 wherein k is 2. 

86. A carbon black product of claim 82 wherein Ar and Ar' are a heteroarylene; k ,s 

an integer from 1 to 8; and q and r are 0. 

87. A carbon black product of claim 82 wherein Ar and Ar' are benzothiazolylene, k 

is an integer from 2 to 4; and q and r are 0. 

88 A carbon black product of claim 87 wherein k is 2. 

89 A carbon black product comprising a carbon black and at least one organic group 
ArfCH ) S,(CHo)^ attached to the carbon black, wherein Ar is an arylene or a heteroarylene; 

inttgCr 7 0 ^carbon black product of claim 89 wberein Ar is an arylene; A, is an ary, k is 

k is an integer from 1 to 8; and q and r are 0. 

93 . a carbon black product of claim 89 wherein Ar is phenylene; Ar" is 
henzothiazolyl- k is an integer from 2 to 4; and q and r are 0. 

7 A carbon black product comprising a carbon biack and at least one organ, group 
ArSH attached to the carbon black, wherein Ar is an arylene or a heteroarylene. 

95 A carbon black product of claim 94 wherein Ar is phenylene. 

96 A carbon black product of claim 94 wherein Ar is benzothiazolylene. 

97 A carbon black product of claim 71. wherein the organic group is Ar-Ar^X . 
herein Ar is subsututed or unsubstitute. ph.ny.ene. substituted or unsubstituted naphthyiene; 
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•j - ■ onfi Y" i« a halide or an anion derived from a mineral 
is substituted or unsubstituted pyndinmm; and X" js a haliae 

or organic acid. 

98. A «*o» tuck p»duc. of claim 97. when*, mc o^amc S™t " 

W C,H 5 >^ ^ ^ , ^ ^ ^ ta>in! . ^ ^ 

to the carbon black, comprising the steps of 

introducing a carbon black and a, least one diazonium sal, into a pellenzer. and 
reacting said diazonium salt with said carbon black. 

100 . The process of claim 99. wherein the diazonium salt is reacted w.th the carbon 
bl ^7Tp!Tof Cm 99. wherein ,e diazonium salt is in^oduc, as an a... 

^ reprocess of claim 99. wherein the carbon black product is pelletized. 

103 The process of claim 101, wherein the carbon black product is pelteuzed. 

m . A process for producing a catbon black product having an organic group attached 
to the carbon black, comprising the steps of 

. - » - — bhck in ' »*— "* 

reactine said diazonium salt with said carbon black. 

0f lb mocoaa o, c»m mc — - I. - " - 

* i ««a arid and at least one nitrite. 

- ~ ~ "jr: — - — - — - - ™ 

- uoc» o«* acid and at least one nitrite. 

- •^'"CL" - - — - - - — * lm ° " """"" " 

" "TaTt P-s, Of claim ,07. — . - — - — - * -~ " 

" " T Z "Zs of ~ ,07. — . >* -oo - - — - - — 

m, the P=»efe. « « *» "»"»» Mack ^ 

„ 2 . A plastoamposilion composing a plasoc aoo a can. 

Kcorting lo ike process of ' ,lim '' 
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113. A plastic composition comprising a plastic and a carbon black product prepared 

according to the process of claim 5. 

1 ,4 A paper product comprising paper pulp and a carbon black product having at least 
one organic group attached to the carbon black wherein the organic group is substituted w,th an 

ionic or an ionizable group. . 

115 A paper product of claim 1 14 wherein the ionic or ionizable group is a sulfonic 
acid group or a salt thereof, a sulfuric acid group or a salt thereof . a carboxylic acid group or a 
salt thereof, a phosphonic acid group or a salt thereof, or a quaternary ammonium group. 

116 A paper product of claim 1 14 wherein the organic group is a subsututed or 
unsubstituted sulfopheny. group or a salt thereof, or the organic group is a subsututed or 
unsubstituted (polysulfo)phenyl group or a salt thereof. 

117 A paper product of claim 1 14 wherein the organic group is a subsututed or .... 
^substituted sulfonaphthyl group or a sal, thereof, or the organic group is a substituted or 
unsubstituted (polysulfo)naphthyl group or a salt thereof. 

1 18. A paper product of claim 1 14 wherein the organic group is p-sulfophenyl or a salt 

^ 1 19. A rubber composition prepared by the process comprising mixing rubber and a 
carton black product comprising a carbon black and at least one organic group 
ArfCH,) S k (CH 2)r Ar- attached to the carbon black .wherein Ar and Ar'. which may be the same 
or differed are substituted or unsubstituted arylene or heteroary.ene groups; k is an integer from 1 
,o 8; q is an integer from 0 to 4; and r is an integer from 0 to 4. 

,20. A rubber composition of claim 1 19 wherein Ar and Ar' are an aryiene; k ,s an 

integer from 1 to 8; and q and r are 0. 

121. A rubber composition of claim 119 wherein Ar and Ar" are phenylene; k is an 

integer from 2 to 4; and q and r are 0. 

122 A rubber composition of claim 121 wherein k is 2. 

1 23 ' A rubber composition of claim 1 .9 wherein Ar and Ar" are a heteroarylene; k is 

an integer from Ho 8; and q and r are 0 ^iazolylene; k 

124. A rubber composition of claim 1 19 wherein Ar ana w«cw 
is an integer from 2 to 4; and q and r are 0. 

125 A rubber composition of claim 124 wherein k is 2. 

126 A rubber composition prepared by the process comprising mixing rubber and a 
carbon black product comprising carbon black and at least one organic group 

ArfCH ) S (CH, )r Ar- attached to the carbon black, wherein Ar is an arylene or a heteroarylene. 

integer from 0 to 4. 
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127. A mbber composition of claim 126 wherein Ar is an arylene; Ar' is an aryl; k is 

an integer from 1 to 8; and q and r are 0. 

128. A rubber composition of claim 126 wherein Ar is phenylene; Ar' is phenyl; k »s 

an integer from 2 to 4; and q and r are 0. 

129. A rubber composition of claim 126 wherein Ar is phenylene; Ar' is a heteroaryl; 

k is an integer from 1 to 8; and q and r are 0. 

130. A rubber composition of claim 126 wherein Ar is phenylene; Ar' .s 
ben Z othia2olyl;kisanin«gerf ro m2to4;andqandrare0. 

13 , A rubber composition prepared by the process comprising m.xmg rubber and 
carton b,ack product comprising a carbon black and at least one organic group ArSH attached to 
the carbon black, wherein Ar is an arylene or a heteroarylene. 

132 A rubber composition of claim 131 wherein Ar is phenylene. 

133. A rubber composition of claim 131 wherein Ar is benzothiazolylene. 

134. A rubber composition of claim 1 19 which is cured. 

135. A rubber composition of claim 1 26 which is cured. 

136. A rubber composition of claim 131 which is cured. 
137 A rubber composition of claim 122 which is cured. 

,38 A fiber or textile composition comprising a fiber or textile and a carbon black 
product having at least one organic gtoup attache, to the carbon black wherein the organic group 
is substituted with an ionic or an ionizable group. 

139 A fiber or textile composition of claim 138 wherein the iomc or tomzable group 
is a sulfonic acid group or a salt thereof, a sulfonic acid group or a salt thereof, a carboxylic ac,d 
grou p or a salt thereof, a phosphonic acid group or a salt thereof, or a quaternary ammomum 

8IOUP " ,40 A fiber or textile composition of claim 138 wherein the organic group is a 
substituted or unsubstituted sulfopheny, group or a sal, thereof, or the organic group is substituted 
or unsubstituted (po.ysulfo)phenyl group or a salt thereof. 

14 , A fiber or textile composition of claim 138 wherem the orgamc group ,s 
substituted or unsubstituted sulfonaphthyl group or a sal, thereof, or the organic group ts 
substituted or unsubstituted (polysulfo)na P thyl group or a salt thereof. 

,42. A fiber or textile composition of claim 138 wherein the organic group » 

wherein: 

Ar is an aromatic or heteroaromatic radical; 
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A, which can be the same or different when y is greater than 1, is independently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of OR, COR, COOR, OCOR, a 
carboxylate salt, CN, NR 2 . SO3H, a sulfonate salt, OSO3H, OSO3- salts. NR(COR). CONR 2 . 
N0 2 , OP0 3 H 2 , a monobasic or dibasic phosphate salt, P0 3 H 2 , a monobasic or dibasic 
phosphonate salt, N=NR, N 2 + X", NRj+X". PRj+X'. S k R. S0 2 NRR\ S0 2 SR, SNRR', SSO3H, a 
SSO3- salt. SNQ, S0 2 NQ, C0 2 NQ. S-(l,4-piperazinediyl)-SR, 2-(1.3-dithianyl). 
2-(1.3-dithiolanyl), SOR, and S0 2 R; and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted with one or 

more of said functional groups; 

where R and R\ which can be the same or different, are hydrogen; branched or 
unbranched unsubstituted or substituted alkyl, alkenyl, or alkynyl; unsubstituted or 

substituted aryl; unsubstituted or substituted heteroaryl; unsubstituted or substituted alkyiaryl; 
unsubstituted or substituted arylalkyl, arylene, heteroarylene, or alkylarylene; wherein 

k is an integer from 1 to 8; 

X" is a halide or an anion derived from a mineral or organic acid; 

y is an integer from 1 to the total number of -CH radicals present in the aromatic radical; 

and 

Q is (CH 2 ) W , (CH 2 ) x O(CH 2 ) r (CH 2 ) x NR(CH 2 ) r or (CH 2 ) x S(CH 2 ) r where x is 1 to 6. 

z is 1 to 6, and w is 2 to 6. 

144. A carbon black product of claim 143, wherein said aromatic group is a group of 

the formula A y Ar, wherein: 

At is an aromatic radical selected from the group consisting of phenyl, naphthyl, anthryl, 

phenanthryl, biphenyl. and pyridyl; 

A, which can be the same or different when y is greater than I. is independently a 

substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of OR. COR. COOR, OCOR, 
COOU,COONa.COOK,COO-NR 4 + ,CN,NR 2 , SO3H, SO3U S0 3 Na. SO3K. S0 3 -NR 4 + . 
NR(COR). CONR 2 . N0 2 . P0 3 H 2 . P0 3 HNa, P0 3 Na 2 . N=NR. N 2 *X". ^-X", V*^. S k R. 

SOR. and S0 2 R; and 

a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted with 

one or more of said functional groups; 

where R is hydrogen; branched or unbranched C r C 20 unsubstituted or substituted alkyl. 
alkenyl. or alkynyl; unsubstituted or substituted aryl; unsubstituted or substituted heteroaryl; 
unsubstituted or substituted alkyiaryl; unsubstituted or substituted arylalkyl or arylene; wherein 

k is an integer from 1 to 8; 
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ob *e **** «*<»" ^ so sr. 

, fcnooomil W ■*•*« ft°» «* consisting of S k R. SSO H. , 

W . SNQ, S0 2 NQ. COjNQ. W-*—-W« * "* 

Ar is benzothiadiazolyl; 

k is an integer from 1 to 8; and 

Q . <CH 2V (CH 2 ) x O<CH 2 , r <CH A NR(CH 2V or ****** «- 

j I, I » 6. and « is 2 » «• omi.pns.ng mixing mbboi ami « 

A nsbbo, composioo. pmpnm* by .ho proofs P - ^ 

organic group is A y Ar. wherein: 

substituent on the aromatic radical selected from: ^ 

i-/-.^/t from the eroup consisting of OK, cur., w 
a functional group selected from g P 

PNNK, sOiH, a sulfonate salt. OSO3H. OiUj w 

^z^SZ-^ 

dithiolanyl), SOR. and S0 2 R; and 
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a linear, branched or cyclic hydrocarbon radical, unsubstituted or substituted with one or 

more of said functional groups; 

where R and R\ which can be the same or different, are hydrogen; branched or 
unbranched C r C 20 unsubstituted or substituted alky., alkenyl. or alkynyl; unsubstituted or 
substituted aryl; unsubstituted or substituted beteroaryl; unsubstituted or substituted alkylaryl; 
unsubstituted or substituted arylalkyl. arylene. heteroarylene. or alkylarylene; wherem 

k is an integer from 1 to 8; 

X" is a halide or an anion derived from a mineral or organic acid; 

y is an integer from 1 to the total number of -CH radicals present in the aromadc raAcal; 

" d Q U (CH 2 ) W . (CH 2 ) x O(CH 2 ) r (CH 2 ) x NR(CH 2 ) r or (CH 2 ) X S(CH 2 ) Z . where x is » to 6. 

z is 1 to 6. and w is 2 to 6. 

,47. A rubber composWon of cbirrr 146. whrnoin .aid «om»d C group ,s . groop of to 

T.Z'ZL — — - » ~P — N of p^ bo—. - 
benzothiadiazolyl; 

A, which can be the same or different when y is greater man 1, .s mdependently a 
substituent on the aromatic radical selected from: 

a functional group selected from the group consisting of S.R. SSO3H. SO.NRR . S0 2 SR. 
SNRR'. SNQ, S0 2 NQ, C0 2 NQ. S-(1.4-piperazinediy.)-SR. 2-(l,3-dithianyl). and 2-03- 
.Odolanyl); and ^ ^ ^ ^ ^ ^ ^ ^ „ subslituted with 

one r» more of sard frmcdorralgrorips; 

whero R and R'. wbloh o.n be the sr.* o, dlffo^oo are b»drogerrr 6™""^ » 
»b™ebed C.<fc — oaed or auboblored -by.. e.be.,1. " 
^■04 «,b or aubadrured — — « " k ^'' 

.^babrrrred or aborted -)*-. b^** « ■'*«'*»• 

, ,a . iB .«er from .-5 »berr Ar * pben,.. M «- Ar fa *m—». - *- 

Ar is benzothiadiazolyl; 

k is an integer from 1 to 8; and 

Q „ <CH 2V <CH 2 >,0<CH 2 , r (OWMB*. or <CH A S,CH 2 , r «b=ro . . . - 6. 

z is 1 to 6, and w is 2 to 6. 

148. A robber composition of claim 146 which is cured. 
,49 A rubber composition of claim 147 which is cured. 

150 A carbon black product comprising a carbon black and at least one organ, group 
ArNH 2 attached to the carbon black, wherein Ar is a substituted or unsubstituted arylene. 
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,51 A carbon black product of claim 150. wherein Ar is phenylene. 
152 A carbon black product comprising a carbon black and at least one organic group 
ArQAfNH* wherein Ar and Ar", which may be the same or different, a. substituted or 

unsubstituted arylene, and Q is CH 2 or S0 2 . wK# , nvlene 
153 . A carbon black product of claim 152. wherein Ar and Ar are phenylene. 
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